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PEE  FACE. 


This  work  is  intended  for  use  in  the  Chemical  Laboratory 
by  those  who  are  commencing  the  study  of  Practical 
Chemistry.    It  contains — 

(1)  A  series  of  simple  Tables  for  the  analysis  of  unknown 
substances  of  all  kinds  (not  excepting  organic  bodies) 
which  are  known  to  be  single  substances,  and  not 
mixtures : 

(2)  A  brief  description  of  all  the  practically  important 
single  substances  likely  to  be  met  with  in  ordinary 
analysis,  by  which  the  learner  may  satisfy  himself 
that  his  results  are  correct,  and  may  at  the  same  time 
become  acquainted  with  the  leading  properties  of  the 
most  important  chemicals,  and  with  the  foreign  sub- 
stances which  they  are  liable  to  contain  : 

(3)  Simple  directions  and  illustrations  relating  to  Che- 
mical Manipulation,  not  collected  into  a  separate 
chapter,  but  given  just  where  the  learner  requires 
them  in  the  course  of  analysis : 

(4)  A  system  of  Tables  for  the  detection  of  unknown 
substances  with  the  aid  of  the  Blowpipe : 

(5)  Short  instructions  upon  the  purchase  and  preparation 
of  the  tests,  intended  for  those  who  have  not  access 
to  a  Laboratory. 

b 


^  PREFACE, 


The  book  does  not  presuppose  any  knowledge  of  Che- 
mistry on  the  part  of  the  pupil,  and  does  not  enter  into  any 
theoretical  speculations. 

It  dispenses  with  the  use  of  all  costly  Apparatus  and 
Chemicals,  and  is  divided  into  separate  Exercises  or 
Lessons,  with  Examples  for  Practice,  to  facilitate  the  m- 
atruction  of  large  Classes. 

The  Author  hopes  that  it  wiU  be  found  to  contain  aU  the 
Practical  Chemistry  required  for  the  various  Examinations, 
except  for  the  highest  Science  degrees,  such  as  the  B.Sc. 
and  D.Sc.  of  the  University  of  London. 

The  method  of  instruction  here  foUowed  has  been  adopted 
by  the  Author  after  twenty-three  years'  experience  as  a 
teacher  in  the  Laboratory,  by  which  he  has  been  led  to  con- 
clude that  a  knowledge  of  Analytical  Chemistry,  or  the 
power  of  discovering  the  nature  of  unknown  substances,  is 
the  first  and  often  the  only  requirement  of  the  great  majority 
of  learners,  and  that,  independently  of  the  technical  value  of 
such  knowledge,  its  acquisition  forms  a  most  valuable  part  of 
education,  by  cultivating  the  powers  of  observation  and 
affording  exceUent  examples  of  the  application  of  logical 
reasoning  in  practical  work. 

The  ordinary  method  of  teaching  Analytical  Chemistry,  by 
causing  the  pupil  to  study  the  Reactions  or  tests  for  aU  the 
metals  and  non-metallic  bodies,  before  he  proceeds  to  examine 
an  unknown  substance,  does,  without  doubt,  lay  the  best 
foundation  for  a  thorough  knowledge  of  this  branch  of 
Science,  when  a  student  has  time  at  his  command,  and  can 
commit  to  memory  a  large  number  of  independent  facts 
which  receive  no  immediate  appHcation.  But,  within  the 
Author's  experience,  many  students  become  wearied  with 
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the  monotonous  routine  of  this  system,  and  are  prevented 
from  persevering  in  the  study. 

Moreover,  such  a  system,  although  teaching  the  student 
to  discover,  for  example,  that  a  given  salt  contains  potassium 
and  nitric  acid,  fails  often  to  instruct  him  that  these  con- 
stitute saltpetre,  and  does  not  acquaint  him  with  the  appear- 
ance and  other  properties  of  saltpetre,  by  observing  which 
he  may  be  sure  that  his  analysis  is  correct.  For  want  of 
such  an  acquaintance  with  the  properties  of  the  common 
salts,  a  student  well  skilled  in  the  mere  detection  of  bases 
and  acids,  will  sometimes  fall  into  the  most  absurd  mistakes 
as  to  the  nature  of  a  substance  under  examination. 

The  student  with  ample  time  at  his  command  is  strongly 
recommended  to  perform  every  experiment  described  in  the 
book,  with  the  known  substances,  before  attempting  the 
examination  of  an  unknown  substance. 


\*  A  list,  of  the  Apparatus  and  Chemicals  required  for 
the  Course  will  he  found  at  pp.  195-209, 
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OR, 

PEOGEESSIYE  EXERCISES  IN  PRACTICAL 
CHEMISTRY. 


The  learner  is  recommended  to  work  through  the  Examples 
for  Practice  given  at  the  end  of  each  Exercise. 

A  rough  note-book  should  be  provided,  in  which  every 
step  of  the  work  should  be  entered,  abbreviations  or  symbols 
being  employed  for  the  tests,  to  avoid  much  writing.  The 
notes  are  conveniently  kept  in  the  same  form  as  the  Tables 
placed  at  the  beginning  of  each  Exercise. 

The  numerals  enclosed  in  parentheses  in  each  Table  refer 
to  paragraphs  in  the  text,  and  it  will  be  found  absolutely 
necessary  to  refer  to  these  in  order  to  render  the  Tables 
serviceable. 
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SOLUTION.  BOILING. 


3.  To  dissolve  the  substance  for  analysis,  place  about  five 
grains  of  the  powdered  substance  (as  mucli  as  can  be  taken 
easily  on  the  end  of  the  large  blade  of  a  pocket-knife)  in  a 


riG.  1. 


Tube  cleaner. 


test-tube  (fig.  1),  pour  upon  it  about  two  drachms  of  dis- 
tilled water,  shake  them  together,  and  if  necessary,  boil  the 

water  over  the  flame  of  a 
spirit-lamp  (fig.  2)  or  a  gas- 
burner;  in  the  latter  case,  hold- 
ing the  tube  a  little  above  the 
flame,  so  as  not  to  smoke  it 
(figs.  3  and  4).  The  tube  may 
be  held  in  a  band  of  folded 
paper  when  it  is  necessary  to 
boil  for  some  time. 

Fib.  4. 


Fia.  2. 


Fig.  3. 


SOLUTION.      FILTRATION.  0 

If  tlie  substcance  does  not  appear  to  diminisla  in  quantity, 
it  may  be  set  down  as  undissolved  by  tbe  water. 


heat  (fig.  5).  If  no  con-  ■^^■^^M^^^^^ 
siderable     residue     of  -J^a^jgal^  --^^^ 

solid  matter  is  left,  the 
substance  may  be  considered  insoluble. 

Should  water  have  failed  to  dissolve  the  substance,  pour  off 
.the  water  so  as  to  leave  the  powder,  if  possible,  at  the  bot- 
tom of  the  tube ;  poiu:  upon  it  about  a  drachm  of  diluted 
hydrochloric  acid,  and  boil  if  necessary. 

If  the  substance  be  insoluble  in  hydrochloric  acid,  boil  a 
fresh  portion,  in  another  tube,  with  diluted  nitric  acid,  and 
should  this  fail  to  dissolve  it,  add  a  few  drops  of  nitric  acid 
to  the  hydrochloric  acid  previously  employed,  and  again  boil. 

Substances  which  are  insoluble  in  water  and  acids  must  be 
examined  according  to  Table  I. 

4.  To  filter  a  solution. — Take  a  circular  piece  of  white 
filtering  (blotting)  paper,  three  or  four  inches  in  diameter, 
fold  it  neatly  as  in  fig  6,  open  it  so  as  to  form  a  cone,  place  it 


Shoidd  there  be  any 
doubt,  filter  the  solution 
(4),  catch  a  drop  of  it 
upon  a  piece  of  thin 
window-glass,  and  eva- 
porate it  at  a  gentle 


Fig.  5. 


Fig.  6. 


Fig.  7. 
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TESTING.  EXCESS. 


in  a  funnel,  moisten  it  with  distilled  water,  support  the  funnel 
in  a  test-tube,  as  in  fig.  7,  and  pour  upon  it  the  solution  to  be 
filtered.  Should  the  funnel  happen  to  fit  air-tight  into  the 
test-tube,  interpose  a  little  piece  of  wood  or  paper  to  leave  a 
passage  for  the  air. 

If  the  first  filtration  does  not  clear  the  liquid,  it  must  be 
poured  back  through  the  same  filter. 

5.  Addition  of  tests  to  liquids. — As  a  general  rule,  tests 
are  gently  poured,  drop  by  drop,  down  the  side  of  the  test- 
tube  (fig.  8)  which  ia 
gently  shaken,  imtil 
either  the  expected 
efEect  is  produced,  or 
a  reasonable  propor- 
tion of  the  test  has 
been  added  without 
any  result.  The  stop- 
per of  the  bottle 
should  not  be  laid  upon  the  table,  but  should  be  held  be- 
tween the  second  and  third  fingers  of  the  left  hand,  as  in  fig.  8. 

In  cases  where  the  test  is  to  be  added  in  excess,  the  addition 
is  continued  until  no  further  effect  is  produced  by  adding 
another  portion,  and  until  some  conspicuous  property  of  the 
test  becomes  evident  in  the  liquid  to  which  it  is  added. 

Thus,  Hydrosulphuric  Acid  is  known  to  be  in  excess 
when  a  strong  smell  of  it  is  perceived  at  the  mouth  of  the 
test-tube  after  closing  the  tube  with  the  thumb,  and  violently 
shaking  it.  Since  the  strongest  hydrostdphuric  acid  only  con- 
tains about  three  times  its  volume  of  sulphuretted  hydrogen 
gas,  it  is  necessary  to  add  this  test  in  large  quantity,  often 
amounting  to  three  or  four  times  the  volume  of  the  liquid  to 
be  tested.  Again,  Ammonia  would  be  known  to  have  been 
added  in  excess  by  its  powerful  odour,  but  if  the  hquid 
tested  be  strongly  acid,  it  is  not  advisable  to  close  the  tube 
with  the  thumb  when  shaking  it,  as  the  action  of  ammonia 


STIRRING-RODS. 
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Fig.  9. 


Fis.  10. 


upon  Strongly  acid  liquids  is  of  a  violent  character.  The  solu- 
tions may  be  mixed  by  pouring  from  one  tube  into  another. 

e.  Precipitation  promoted  hj  stirring.— The  formation  of 
the  precipitate  of  phosphate  of  ammonia  and  magnesia  is 
much  facilitated  by  stir- 
ring the  liquid  with  a 
glass  rod,  or  still  better, 
by  rubbing  the  rod  a- 
gainst  the  side  of  the 
tube,  (fig.  9.),  the  latter 
being  held  in  an  inclined 
position,  and  the  rod 
held  short  so  that  it  can- 
not possibly  be  thrust  through  the  bottom  of  the  tube. 

The  glass  rod  used  for  this  purpose  should  be  about  six 
inches  long,  and  round- 
ed at  both  ends.  To 
make  it  from  one  of  the 
long  glass  canes  sold  at 
the  glass-house,  cut  off 
six  inches  by  making 
a  deep  scratch  with  a 
three-cornered  file, 
and  breaking  the  rod 

at  this  point  by  a  sharp  jerk 

(fig.  10).    Fuse  each  end  in 

the  extreme  point  of  the 

blowpipe  flame  (fig.  11)  till 

well  rounded.     The  glass 

must  not  be  introduced  into 

the  inner  part  of  the  flame, 

or  it  will  be  permanently 

blackened,  from  the  separa- 
tion of  lead  in  the  metallic 

state. 
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MAGNESIUM  AND  ITS  COMPOUNDS. 


NOTES  TO  TABLE  A. 

7.  The  deposition  of  sulphur  from  the  hydrosulphuric 
acid  may  be  due  to  a  variety  of  causes  ;  for  example,  to  the 
presence  of  nitrous  acid  derived  from  the  nitric  acid  em- 
ployed in  dissolving  the  substance  ;  to  fi-ee  chlorine ;  ferric 
chloride  (perchloride  of  iron) ;  sulphurous  acid ;  chromic  acid. 

8.  Chloride  of  ammonium  is  added  to  prevent  the  prema- 
ture precipitation  of  magnesia.  A  solution  containing  a  salt 
of  magnesia  yields,  on  addition  of  ammonia,  a  precipitate  of 
hydrate  of  magnesia,  but  if  chloride  of  ammonium  be  pre- 
viously added,  no  precipitate  is  formed. 

9.  In  determining  the  particular  form  in  which  the 
magnesium  is  present  in  the  substance  under  examination, 
assistance  will  be  derived  from  the  following  statements. 

Metallic  magnesium  is  silver-white,  burns  easily  in  air, 
with  a  very  brilliant  light,  and  is  dissolved,  with  efEervescence, 
when  boiled  with  chloride  of  ammonium. 


Common  Compounds  of  Magnesium. 


Names. 

Composition. 

Calcined  magnesia 

Common  magnesia,  or  ) 
Basic  carbonate  of  magnesia  ) 

Epsom  salts,  or  ) 
Sulphate  of  magnesia  ) 

Magnesite,  or  ) 
Carbonate  of  magnesia  \ 

Magnesium,  oxygen. 
Magnesia,  carbonic  acid,  water. 

Magnesia,  sulphuric  acid,  water. 

Magnesia,  carbonic  acid. 

Calcined  Magnesia  is  a  white  earthy  powder,  insoluble  in 
Avater,  and  dissolved  by  hydrochloric  acid,  with  little  or  no 
effervescence. 

Basic  Carbonate  of  Magnesia  is  similar,  but  eiFervesces 
rapidly  with  hydrochloric  acid. 

Magnesite  is  found  in  white  earthy  lumps  which  dissolve, 
with  effervescence,  in  hydrochloric  acid. 


EXAMPLES  FOR  PRACTICE.  57 

Sulphate  of  Magnesia  forms  needle-like  crystals,  recognised 
by  the  taste,  easily  dissolved  by  Avater,  and  copiously  pre- 
cipitated by  nitrate  or  chloride  of  barium. 

lO.  Examples  for  Practice  in  Talle  4.— The  foUowing 
substances  wUl  afford  good  practice  in  tHs  Table,  especially 
if  they  are  presented  to  the  student  as  puzzles,  distinguished 
only  by  letters  or  numbers. 

Corrosive  sublimate 
Sulphate  of  copper 
Carbonate  of  magnesia 


Sulphate  of  magnesia 
Sulphate  of  iron 
Acetate  of  lead 
Arsenious  acid 
Carbonate  of  lime 
Sulphate  of  zinc 


Sulphide  of  antimony 
Metallic  tin. 
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SILVER  AND  MERCURY  COMPOUNDS. 
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NOTES  TO  TABLE  B. 
12.  If  the  original  substance  be  metallic  silver^  it  will  be 
recognised,  partly  by  its  external  characters,  partly  by  its 
refusing  to  dissolve  in  hydrochloric  acid,  but  dissolving  easily 
in  nitric  acid.  If  greater  certainty  be  desired,  it  may  be 
examined  by  the  blowpipe  (264). 


Common  Compounds  of  Silver. 


Names. 

Composition. 

Nitrate  of  silver,  or  ) 
Lunar  caustic  j 

Chloride  of  silver 

Oxide  of  silver,  nitric  acid. 
Silver,  chlorine. 

Nitrate  of  Silver  is  sold  either  in  flat,  tabular,  transparent 
crystals,  or  in  opaque  cylindrical  sticks  made  by  fusing  the 
crystals.  It  is  dissolved  very  readily  by  cold  water,  and  if 
filter-paper  be  moistened  with  the  solution,  and  exposed  to 
light,  especially  to  sun-light,  it  assumes  a  black  metallic 
appearance. 

Chloride  of  Silver  is  insoluble  in  water  and  in  acids,  and 
wiU  therefore  not  come  imder  consideration  at  present  (128). 

13.  Metallic  Mercury  (quicksilver)  would  be  known  at 
once. 

Common  Mercurous  CoiiPOUNDS. 


Names. 

Composition. 

Mercurous  chloride,  or  ) 
Calomel  \ 

Mercurous  nitrate,  or  ) 
Protonitrate  of  mercury  ) 

Mercury,  chlorine. 

Mercurous  oxide,  nitric  acid, 
water. 

Calomel  is  commonly  sold  as  a  white  heavy  powder,  with 
a  very  slight  shade  of  yeUow.  Before  being  ground  to  powder, 
it  forms  a  translucent  fibrous  mass.  It  is  not  dissolved 
by  water  or  dilute  hydrochloric  acid,  and  not,  unless  boiled, 
by  dilute  nitric  acid ;  a  mixture  of  the  two  acids  dissolves  it 
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LEAD  AND  ITS  COMPOUNDS. 


more  readily  when  boiled.  Calomel  is  easily  known  by  its 
becoming  black  when  shaken  Avith  potash  or  with  lime-water, 
and  dark  grey  when  shaken  with  ammonia  (250), 

Protonitrate  of  Mercury  is  sold  in  transparent  prismatic 
crystals,  which  are  decomposed  when  treated  with  water,  a 
yellow  basic  nitrate  of  mercury  being  separated. 

14.  If  the  original  substance  be  metallic  lead,  it  will  be 
recognised  by  its  softness,  and  by  its  making  a  black  streak 
on  paper ;  it  is  insoluble  in  hydrochloric  acid,  but  dissolves 
when  boiled  Avith  dilute  nitric  acid;  the  solution  gives  a 
white  precipitate  with  excess  of  ammonia,  and  a  black  pre- 
cipitate, with  a  purplish  shade,  on  addition  of  hydrosul- 
phuric  acid. 

Common  Compounds  of  Lead. 


Names, 

Composition. 

T;itharge  ) 
Massicot  ) 

Lead,  oxygen. 

Minium,  or  ) 
Eed  lead  j 

Lead,  oxygen. 

Peroxide  of  lead 

Lead,  oxygen. 

Acetate  of  lead,  or  ) 
Sugar  of  lead  ) 

Carbonate  of  lead,  or  ) 
White  lead  $ 

Oxide  of  lead,  acetic  acid,  water. 

Oxide  of  lead,  carbonic  acid, 
water. 

Chrotnate  of  lead,  or  ) 
Chrome  yellow  J 

Nitrate  of  lead 
Chloride  of  lead 
Iodide  of  lead 
Oxychloride  of  lead 
Sulphate  of  lead 
Sulphide  of  lead,  or  ) 
Galena  ) 

Oxide  of  lead,  chromic  acid. 

Oxide  of  lead,  nitric  acid. 

Lead,  chlorine. 

Lead,  iodine. 

Lead,  oxygen,  chlorine. 

Oxide  of  lead,  sulphuric  acid. 

Lead,  sulphur. 

Massicot,  or  Oxide  of  Lead,  is  a  yellow  powder,  which  is 
insoluble  in  water,  and  becomes  white  when  boiled  with 
hydrochloric  acid,  being  converted  into  chloride  of  lead, 
which  partly  dissolves,  and  is  deposited  in  needle-like  crys- 
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tals  on  cooling.    Diluted  nitric  acid  dissolves  massicot  when 
gently  heated. 

Litharge  is  tlie  same  oxide  of  lead,  which  has  been  melted, 
and  is  sold  as  a  pinkish-brown  scaly  powder.  The  action  of 
water  and  acids  npon  it  is  similar  to  that  upon  massicot. 

Minium  is  a  bright  red  powder,  which  is  not  affected  by 
water,  but  evolves  the  smeU  of  chlorine  when  boiled  with 
hydrochloric  acid,  and  is  slowly  converted  into  chloride  of 
lead.  Dilute  nitric  acid  only  partly  dissolves  it,  leaving  a 
brown  powder  (peroxide  of  lead). 

Peroxide  of  Lead,  or  Binoxide  of  Lead,  is  a  dark  broivn 
powder,  which  is  insoluble  in  water  and  in  nitric  acid,  but 
dissolves  slowly  in  boiUng  hydrochloric  acid,  giving  off  the 
smeU  of  chlorine,  and  forming  chloride  of  lead,  which  crys- 
tallizes in  needles  from  the  solution  as  it  cools. 

Acetate  of  Lead  forms  white  needle-like  crystals,  which 
have  a  faint  odour  and  an  intensely  sweet  taste.  When 
treated  with  water  it  dissolves,  but  yields  a  milky  solution, 
especially  with  common  water,  from  the  presence  of  a  little 
carbonate  of  lead,  formed  from  the  carbonic  acid  contained 
in  the  water  ;  nitric  acid  clears  it  \ip  at  once.  When  acetate 
of  lead  is  heated  on  the  point  of  a  knife,  or  on  a  slip  of  glass, 
it  melts,  and  gives  off  an  inflammable  vapour  with  a  very 
peculiar  smell,  leaving  a  black  residue  composed  of  carbon 
and  minute  globiiles  of  metallic  lead. 

Wliite  Lead,  or  Basic  Carbonate  of  Lead,  is  a  heavy  earthy 
powder,  soon  becoming  grey  when  exposed  to  air,  from  the 
action  of  sulphuretted  hydrogen.  It  is  insoluble  in  water, 
and  effervesces  with  hydi-ochloric  acid,  dissolving  when 
heated,  as  chloride  of  lead,  which  crystallizes  in  needles  on 
cooling.  Dilute  nitric  acid  easily  dissolves  carbonate  of  lead, 
with  effervescence  caused  by  the  escape  of  carbonic  acid  gas. 
When  heated  on  a  knife  or  slip  of  glass,  it  becomes  yeUow. 

Chromate  of  Lead  is  commonly  sold  as  a  bright  yellow  or 
orange  red  powder  or  cake — (the  orange  chrome  is  the  basic 
chromate  or  dichromate  of  lead) ;  but  fused  chromate  of  lead 
has  a  brown  colour.    It  is  insoluble  in  water,  but  dissolves 


14 


LEAD  COMPOUNDS. 


slowly  wlien  boiled  with  hydroclaloric  acid,  yielding  a  yellow 
or  greenish  solution.  If  the  hydrochloric  solution  be  heated 
with  a  little  alcohol ;  a  bright  green  solution  of  chlorides  of 
chromium  and  lead  is  produced,  which  deposits  crystals  of 
chloride  of  lead  on  cooling.  Nitric  acid  scarcely  affects  chro- 
mate  of  lead.  If  the  yellow  chromate  of  lead  be  heated  on  a 
knife  or  a  slip  of  glass,  its  colour  changes  to  red-brown. 

Nitrate  of  Lead  forms  hard  white  crystals.,  having  a  sweet 
taste.  It  dissolves  in  water,  but  not  easily  unless  heated. 
"When  heated  on  a  knife  or  slip  of  glass,  it  crackles  or  decre- 
pitates violently.  If  previously  powdered,  to  prevent  its 
flying  off,  it  evolves  suffocating  brown  fumes  (nitric  peroxide) 
and  leaves  a  yellow  or  red  residue. 

Chloride  of  Lead  is  a  ivhite  powder,  sometimes  crystalline, 
which  dissolves  slowly  when  boiled  with  water,  the  solution 
easily  depositing  crystals  on  cooling. 

Iodide  of  Lead  is  a  bright  yellow  powder,  which  dissolves 
sparingly  in  boiling  water,  but  more  readily  on  adding  a 
little  hydrochloric  acid,  yielding  a  colourless  solution,  which 
deposits  brilliant  golden  scales  on  cooling.  When  boiled  with 
nitric  acid,  iodide  of  lead  gives  off  the  pui-ple  vapours  of  iodine. 

Oxychloride  of  Lead  is  either  white  or  bright  yellow,  accord- 
ing to  the  mode  of  preparing  it.  It  melts  easily  when  heated, 
the  white  oxychloride  becoming  yellow.  It  is  insoluble  in 
water,  but  dissolves  sparingly  when  boiled  with  hydrochloric 
acid,  the  solution  depositing  crystals  of  chloride  of  lead  on 
cooling. 

Sulphate  of  Lead  is  a  white  powder  which  does  not  change 
when  heated,  is  insoluble  in  water,  but  dissolves  slowly  in 
boiling  hydrochloric  acid,  the  solution  depositing  crystals  of 
chloride  of  lead  as  it  cools. 

Sulphide  of  Lead  or  Galena  is  a  dai^h  grey,  heavy,  metallic- 
looking  substance,  the  masses  of  which  may  be  easily  split  or 
cZeaj^ecZ  with  a  knife-blade  into  rectangular  fragments.  Water 
has  no  effect  upon  it,  and  diluted  hydrochloric  acid  very 
little,  but  nitric  acid  gradually  dissolves  it,  brown  fames  being 
evolved,  resulting  from  the  decomposition  of  the  nitric  acid. 


TABLE  C. 
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WASHING  PRECIPITATES. 


EXPLANATIONS  AND  INSTEUCTIONS  ON 
TABLE  C. 

16.  To  wash  a  precipitate. — The  precipitate  having  been 
collected  upon  a  filter  (4)  may  be  washed  by  filling  the  filter 
twice  or  thrice  with  distilled  water,  and  allowing  it  to  run 
through.  A  washing  bottle  (fig.  12) 
wiU  be  of  great  assistance  in  washing 
precipitates,  the  stream  of  water  be- 
ing directed  so  as  to  wash  the  pre- 
cipitate from  the  sides  towards  the 
apex  of  the  filter. 


E"lO.  12. 


FlQ.  14. 


Washing  bottle. 


Fig.  13. 


When  a  precipitate  is  very  heavy 
and  subsides   readily,   it   may  be 
washed  hy  decantation — that  is,  by 
shaking  it  up  with  successive  quan- 
tities of  distnied  wa- 
ter, which  are  pour- 
ed oflF  when  the  pre- 
cipitate has  settled 
down.    A  wet  glass 
fe-  rod,  held  against  the 
lip  of  the  test-tube 
(fig.  13),  greatly  as- 
sists  in  decanting 
the  liquid  without  disturbing  the  precipitate. 

17.  Heating  solid  substances  in  tubes. — Ordinary 
test-tubes  should  not  be  used  for  this  purpose,  but 
much  smaller  tubes  which  are  made,  with  the  help  of 
the  blo-\vpipe,  from  a  piece  of  (German)  glass  tube 
free  from  lead,  of  the  size  represented  in  fig.  14. 
The  middle  of  this  piece  of  tube  is  softened  in  the 
blowpipe  flame  (fig.  15),  and  quickly  dra^vn  out  to 
form  two  tubes  connected  by  a  mere  thread  of  glass, 
which  is  then  detached  from  each  tube,  as  shown  at 
a,  leaving  the  finished  tube  of  the  shade  show  nat  h. 


SOLIDS  HEATED  IN  TUBES. 
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Fib.  15. 


The  substance  to  be  heated  is  introduced  into  this  tube,  in 
very  small  quantity,  and  the  sides  of  the  tube  are  cleansed 
from  adhering  particles  by 
rubbing  them  with  a  match. 
A  strap  of  folded  paper  (fig. 
16)  is  put  round  the  tube, 
which  is  then  held  in  the 
lower  part  of  the  flame  of  a 
gas-jet  (to  avoid  smoking  it), 
or  in  a  spirit-flame.  If  any 
moisture  should  condense  on 
the  sides  of  the  tube,  incline 

its  mouth  downwards,  so  that  the  drops  may  not  run  back 
upon  the  heated  glass  and  crack  it.  If  it  be  necessary  to 
apply  a  more  intense  heat,  the  blowpipe  flame  may  be 
directed  on  to  the  bottom  of  the  tube. 

18.  To  ascertain  whether  a  solution  is  alkaline  or  acid,  dip 
a  piece  of  red  or  blue  litmus-paper  into  it,  or  touch  the  paper 
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with  a  glass  rod  dipped  in  tlie  liquid.  An  alkaline  solution 
changes  red  litmus  to  blue,  whilst  an  acid  solution  reddens 
the  blue  litmus  paper.  In  the  absence  of  test-papers,  the 
taste  may  of  course  be  relied  on  for  a  rough  indication. 

NOTES  TO  TABLE  O. 

19.  Lead  is  liable  to  be  found  in  the  precipitate  produced 
by  hydrosulphuric  acid,  because  its  chloride  is  dissolved  to  a 
considerable  extent  by  water,  so  that  a  weak  solution  of  a 
salt  of  lead  is  not  precipitated  by  hydrochloric  acid. 

20.  Should  time  permit,  it  is  strongly  recommended  that 
the  precipitate  be  coUected  upon  a  filter  (4)  and  washed 
once  or  twice  with  water  (IG)  before  being  treated  with 
hydrosulphate  of  ammonia,  which  may  be,  gently  warmed, 
and  poured  over  the  precipitate  upon  the  Mter. 

21.  Yellow  hydrosulphate  of  ammonia  is  here  recom- 
mended, because  it  contains  a  larger  proportion  of  sulphur 
than  the  colourless  freshly  prepared  hydrosulphate.  The 
latter  is  incapable  of  dissolving  the  sulphide  of  tin  unless  a 
little  sulphur  is  added  to  convert  the  tin  into  bisulphide. 

22.  In  order  to  be  quite  sure  of  the  presence  of  tin  as  a 
protosalt  or  stannous  compound,  test  the  original  solution 
with  perchloride  of  mercury  (mercuric  chloride),  which  will 
give,  with  protosalts  of  tin,  a  white  precipitate  of  mercurous 
chloride  or  a  grey  precipitate  of  finely  divided  metaUic  mer- 
cury, accordingly  as  one-half  or  the  whole  of  the  chlorine  is 
abstracted  from  the  mercuric  chloride  by  the  protosalt  of  tin. 

If  this  confirmation  be  omitted,  the  analyst  is  hable  to  fall 
into  error,  because  sulphide  of  copper  is  dissolved  to  some 
extent  by  yellow  hydrosulphate  of  ammonia,  and  the  solution 
would  yield  a  bufi"  precipitate  of  a  mixture  of  sulphide  of 
copper  and  sulphur  on  addition  of  hydrochloric  acid. 

23.  Metallic  Tin  would  be  easily  known  by  its  becoming 
converted  into  a  white  powder  (binoxide  of  tin)  when  boiled 
with  nitric  acid.     It  dissolves  slowly  when  boiled  with 
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diluted  hydrochloric  acid,  and  rapidly  in  the  strong  acid, 
yielding  a  solution  of  protochloride  of  tin  (or  stannous  chlo- 
ride) which  is  at  once  recognised  by  the  test  with  perchloride 
of  mercuxy  mentioned  above  (22). 


Common  Stannous  Compounds  ok  Peotosalts  of  Tin. 


Names. 

Composition, 

Protochloride  of  tin,  or 
Salts  of  tin,  or  tin  crystals 

Protosulphide  of  tin,  or 
'J'in  pyrites 

Tin,  chlorine,  water. 
Tin,  sulphur. 

Protochloncle  of  Tin  iisually  forms  needle-like  crystals  with 
a  tinge  of  yellow.  Water  decomposes  it,  forming  a  milky- 
white  oxy chloride  of  tin.  Hydrochloric  acid  dissolves  it 
entirely. 

Tin  Pyrites  is  a  dark  grey  mineral  which  is  slowly  dis- 
solved when  boiled  with  hydrochloric  acid,  evolving  the 
smell  of  hydrosulphuric  acid.  Boiling  nitric  acid  converts 
it  into  the  white  binoxide  of  tin. 

24.  The  precipitate  of  sulphate  of  lead  sometimes  forms 
only  after  the  lapse  of  some  minutes  in  highly  acid  solutions. 

25.  If  the  quantity  of  the  original  solution  is  very 
limited,  ammonia  may  be  added  in  excess  to  that  portion 
which  has  been  already  tested  with  sulphuric  acid. 

26.  The  presence  of  copper  may  be  confirmed  by  intro- 
ducing a  piece  of  clean  iron  or  steel  into  this  solution  mixed 
with  a  slight  excess  of  hydrochloric  acid  ;  a  red  coating  of 
metalHc  copper  will  be  deposited  upon  the  metal. 

27.  Metallic  Copper  is  identified  by  its  colour,  its  insolu- 
bility in  diluted  hydrochloric  acid,  and  by  its  dissolving 
rapidly  in  nitric  acid,  to  a  green  or  blue  solution  of  nitrate 
of  copper. 
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Common  Compounds  of  Copper. 


j  Names. 

Composition. 

Sulphate  of  copper,  or  ) 
Blue-stone  ) 

Arsenite  of  copper,  or  | 
Scheele's  green  ) 
Basic  acetate  of  copper,  or  ) 
Verdigris  \ 
Basic  carbonate  of  copper,  or  ) 
Malachite  ) 

Oxychloride  of  copper,  or  ) 
Brunswick  green  ) 

Oxide  of  copper,  or  1 
Cupric  oxide  ) 

Suboxide  of  copper,  or  ) 
Cuprous  oxide  ) 

Sulphide  of  copper 

Oxide  of  copper,  sulphuric  acid, 
water. 

Oxide  of  copper,  arsenious  acid. 

Oxide  of   copper,   acetic  acid, 
water. 

Oxide  of  copper,  carbonic  acid, 
water. 

Oxide  of  copper,  chloride  of  cop- 
per, water. 

Copper,  oxygen. 

Copper,  oxygen. 
Copper,  sulphur. 

Sulphate  of  Cojyper  forms  blue  diamond-sliaped  crystals, 
often  grouped  into  irregular  masses.  It  dissolves  easily  in 
water,  yielding  a  blue  solution,  wliicli  is  copiously  precipitated 
by  nitrate  or  chloride  of  barium.  Dried  sulphate  of  copper 
is  nearly  white,  and  becomes  blue  when  moistened. 

Arsenite  of  Copper  is  a  hrigU  green  powder  insoluble  in 
water,  but  soluble  in  hydrochloric  acid  to  a  green  liquid.  It 
may  be  tested  for  arsenious  acid  according  to  (33). 

Verdigris  has  a  Uuish  green  colour.  It  is  partly  dissolved 
by  water,  and  entirely  by  hydrochloric  acid,  to  a  green 
solution.  When  heated  on  a  knife  or  a  slip  of  glass,  it  is 
blackened  and  emits  an  odour  like  that  of  vinegar. 

1\xQ  Basic  Carbonates  of  Copper  are  blue  or  green,  insoluble 
in  water,  but  soluble,  with  effervescence,  in  hydrochloric 
acid. 

Oxychloride  of  Copper  is  green.  It  is  insoluble  in  Avater, 
but  dissolves  in  acids.  Its  solution  in  nitric  acid  may  be 
tested  for  chlorine  with  nitrate  of  silver  (Table  H). 
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Cupric  Oxide  is  a  Mack  powder,  insoluble  in  water,  but 
soluble  in  liydrocUoric  acid,  on  boiling,  forming  a  green 
solution,  which  generally  becomes  turbid  when  mixed  with 
water,  from  the  separation  of  a  little  subchloride  of  copper. 

Cuprous  Oxide  is  red  or  red-lrown  ;  it  is  not  dissolved  by 
water,  but  hydrochloric  acid  dissolves  it,  on  boiling,  to  a 
brown  solution,  which  gives  a  thick  white  precipitate  of 
cuprous  chloride  (subchloride  of  copper)  when  mixed  with 
water.  Boiling  nitric  acid  dissolves  ciiprous  oxide,  forming 
a  blue  solution  which  is  not  precipitated  by  water. 

Sulphide  of  Copper,  as  found  in  nature  (cuprous  sulphide 
or  copper-glance),  is  a  hlach  substance  with  a  somewhat 
metallic  lustre ;  insoluble  in  water  and  in  hydrochloric  acid, 
but  dissolved  by  boiling  in  nitric  acid  to  a  blue  solution, 
spongy  flakes  of  dark  coloured  sulphur  usually  separating. 

The  artificial  sulphide  of  copper  is  usually  a  black  powder 
with  a  shade  of  green,  which  behaves  in  the  same  way. 

28.  If  the  precipitate  of  oxide  of  bismuth  produced  by 
ammonia  be  small,  it  shoiild  be  collected  upon  a  filter, 
washed  with  a  little  water  (16),  and  very  carefully  dissolved 
by  dropping  two  or  three  drops  of  diluted  hydrochloric  acid 
upon  it.  When  water  is  added  to  the  slightly  acid  solution 
of  chloride  of  bismuth  so  produced,  a  milky  precipitate  of 
oxychloride  of  bismuth  is  formed,  but  the  presence  of  an 
excess  of  acid  prevents  its  formation. 

To  confirm  the  presence  of  bismuth,  add  to  the  original 
solution  (or  to  the  solution  of  the  oxide  precipitated  by 
ammonia,  in  hydrochloric  acid,  even  after  dilution)  a  little 
solution  of  iodide  of  potassium  ;  this  will  produce  a  red  or 
yellow  colour  if  bismuth  be  present  (or  even,  in  a  strong 
solution,  a  brown  precipitate  of  iodide  of  bismuth),  and  on 
adding  a  drop  of  acetate  or  nitrate  of  lead,  the  iodide  of  lead 
which  precipitates  will  have  a  brown  or  red  instead  of  its 
usual  yellow  colour,  from  the  presence  of  iodide  of  bismuth. 
If  this  precipitate  be  dissolved  by  heating  the  liquid,  and 
adding  a  few  drops  of  dil.  hydrochloric  or  acetic  acid,  it  will 
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crystallize  out  in  very  beautiful  brown  or  red  scales  as  the 
solution  cools. 

29.  Metallic  Bismuth  is  a  brittle  metal  witli  a  faint  pink 
reflection.  It  does  not  dissolve  in  hydrocliloric  acid,  but 
dissolves  in  dikited  nitric  acid,  on  boiling. 


Common  Compounds  of  Bismuth. 


Names. 

Composition. 

Basic  nitrate  of  bismuth,  or  ) 
Flake  white  ( 
Oxychloride  of  bismuth,  or  ) 
Pearlwhite  \ 

Oxide  of  bismuth,  nitric  acid, 
water. 

Oxide  of  bismuth,  chloride  of 
bismuth,  water. 

Flake  white*  is  insoluble  in  water,  but  dissolves  in  hydro- 
cliloric acid.  When  heated  in  a  dry  glass  tube  (17),  it  evolves 
moisture,  which  condenses  in  drops  on  the  cool  part  of  the 
tube,  and  brown  vapours  of  nitric  peroxide. 

Pearl  white  is  also  insoluble  in  water  and  soluble  in  hydro- 
chloric acid.  It  may  be  dissolved  in  nitric  acid,  and  tested 
for  chlorine  with  nitrate  of  silver  (Table  H). 

30.  lu  order  to  be  quite  sure  of  the  presence  of  mercury 
in  a  solution,  it  must  be  boiled  with  metallic  copper.  K 
nitric  acid  be  present,  which  would  dissolve  the  copper,  it 
must  be  neutralized  by  adding  a  shght  excess  of  ammonia  (5) ; 
enough  dilute  hydrochloric  acid  must  then  be  added  to  de- 
stroy the  odour  of  ammonia,  even  after  shaking,  and  two  or 
three  slips  of  bright  copper  introduced.  On  boihng,  the 
copper  will  acquire  a  bright  silvery  coating,  and  if  it  be  rinsed 
with  water,  dried  in  filter-paper  and  heated  in  a  dry  tube 
(17),  a  grey  crust  of  minute  globules  of  mercury  wiU  be 
formed  upon  the  side  of  the  tube,  uniting  into  larger  globules 
when  rubbed  with  a  glass  rod  or  a  wooden  match. 


*  Flake  white  sometimes  consists  of  basic  carbonate  of  lead  (white 
lead). 
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31.  Common  Mercuric*  Compounds. 


Names. 

Composition. 

Mercuric  chloride,  or  perchloride,  or  | 
Bichloride  of  mercury,  or  \ 
Corrosive  sublimate  ) 

Mercuric  sulphide,  or  ) 
Vermihon,  or  cinnabar  i 

Mercuric  oxide,  or  \ 
Nitric  oxide  of  mercury  ^ 

White  precipitate  | 

Mercuric  iodide 

Mercuric  cyanide  | 

Mercury,  chlorine. 

Mercury,  sulphur. 

Mercury,  oxygen. 

Mercury,  chlorine,  nitrogen, 

hydrogen. 
Mercury,  iodine. 
Mercury,  cyanogen  (carbon 

and  nitrogen). 

Corrosive  Sublimate  is  sold  either  in  shining  white  semi- 
transparent  masses  or  as  a  white  crystalline  powder.  It  dis- 
solves readily  when  boiled  with  water,  and  crystallizes  from 
a  strong  solution  in  white  needles.  When  heated  on  a  slip 
of  glass,  it  melts  very  easily  to  a  perfectly  clear  liquid,  which 
crystalhzes  in  fine  needles  on  coolj-ng.  By  continiiing  the 
heat,  it  is  boiled  away  in  vapour  which  has  a  fearfully  suffo- 
cating effect  upon  the  nose. 

Vermilion  is  known  by  its  Iright  red  colour.  It  is  insoluble 
in  water,  and  in  hydrochloric  or  nitric  acid  separately,  but  it 
dissolves  in  a  mixture  of  the  two  acids,  with  separation  of 
spongy  flakes  of  sulphur. 

Cinnabar,  the  chief  ore  of  mercury,  is  generally  met  with  in 
dark  brown,  very  heavy  hard  masses,  which  become  red  when 
scraped  with  a  knife.  In  its  relation  to  solvents  it  resembles 
vermilion. 

Nitric  Oxide  of  Mercury  is  a  Iright  red  shining  powder, 
insoluble  in  water,  but  soluble  in  hydrochloric  acid. 

*  Nitric  acid  converts  mercurous  compounds  into  mercuric  com- 
pounds;  hence,  if  this  acid  should  have  been  used  to  dissolve  the 
original  substance,  the  latter  may  possibly  have  been  a  mercurous 
compound  (13). 
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White  Precipitate  is  a  heavy  white  earthy-looking  sub- 
stance, insoluble  in  water,  but  soluble  in  hydrochloric  acid. 
When  boiled  for  some  time  with  water,  it  becomes  yellow. 
On  boiling  it  with  potash,  it  evolves  the  odour  of  ammonia. 

Mercuric  Iodide,  or  Biniodide  of  Mercury,  is  a  scarlet 
powder,  insoluble  in  water,  but  dissolved  by  boiling  hydro- 
chloric acid.  When  heated  on  a  slip  of  glass,  it  becomes 
bright  yellow,  and  passes  off  in  yellow  fumes.  The  yellow 
powder  becomes  red  when  rubbed  with  a  glass  rod. 

Mercuric  Cyanide,  or  Cyanide  or  Bicyanide  of  Mercury, 
forms  white  prismatic  crystals  which  dissolve  in  boiling 
water.  When  heated  in  a  dry  tube  (17)  they  craclde,  melt, 
and  evolve  cyanogen,  which  may  be  recognised  by  its  odour 
and  its  burning  with  a  pink  flame.  A  brown  residue  is  left 
at  the  bottom  of  the  tube,  and  the  cooler  part  of  the  tube  is 
covered  with  a  grey  deposit  of  mercury  which  unites  into 
globules  when  rubbed  with  a  match. 

32-  It  is  better  to  collect  a  little  of  the  precipitate  upon 
a  filter,  to  wash  it  once  or  twice  with  water  (16),  and  to  pour 
some  warm  carbonate  of  ammonia  over  it. 

33.  Should  any  confirmatory  test  be  required  for  arsenic, 
either  Eeinsch's  test  or  Marsh's  test  may  be  employed. 

ReinscWs  test  for  arsenic. — Boil  a  little  of  the  original  sub- 


will  be  deposited  on  the  cool  part  of  the  tube,  having  been 


Fig.  17. 


stance  with  excess  of  hydrochloric 
acid  and  a  few  strips  of  bright  cop- 
per for  a  minute  or  two.  The 
copper  displaces  the  arsenic  from 
the  solution,  and  a  dark  grey  com- 
pound of  arsenic  with  copper  is 
formed  upon  the  surface  of  the 
strips.  Einse  these  with  a  little 
water,  dry  them  on  filter -paper, 
and  heat  them  gently  in  a  small 
tube  closed  at  one  end  (17),  minute 
shining  crystals  of  arsenious  acid 


marsh's  test  for  arsenic. 
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Fia.  18. 


produced  by  the  combination  of  the  arsenic  with  oxygen  from 
the  air.  If  the  crystalline  deposit  is  examined  with  the  mi- 
croscope (for  which  purpose  the  binocular  is  to  be  preferred), 
it  will  be  seen  to  consist  of  octahedral  crystals  (fig.  17). 

34.  Marsh's  test  for  arsenic— Dissolve  the  substance,  if 
possible,  in  water  or  hydrochloric  acid.  If  it  be  insoluble  in 
these,  dissolve  it  in  nitric  acid,  evaporate  the  solution  to  dry- 
ness in  a  small  dish,  and  redissolve  the  resi- 
due in  water  with  a  little  hydrochloric  acid. 

Arrange  an  apparatus  as  represented  in 
fig.  18;  the  funnel-tube  a,  and  the  bent 
tube  (229)  b,  being  passed  through  air-tight 
perforated  corks  (228).  b  has  been  drawn 
out  to  a  moderately  fine  jet  by  sofi;ening  it 
in  the  blowpipe  flame  (fig.  15),  drawing  it 
out  to  a  narrow  neck  (fig.  19),  and  cutting 
this  across  with  a  file,  at  a. 


Introduce  into  the  bottle  enough  granulated  zinc*  to  cover 
the  bottom,  fill  the  bottle  about  one-third  with  water,  and 
pour  in  dilute  sulphuiic  acid,  through  the  funnel-tube  (the 
lower  end  of  which  must  dip  beneath  the  water)  until  mode- 
rate effervescence,  from  the  evolution  of  hydrogen  gas,  takes 
place.  Keep  the  tube  b  far  away  from  a  flame,  because  the 
bottle  is  now  filled  with  an  explosive  mixture  of  hydrogen  and 
air.  Incline  the  gas-bottle  and  hold  a  small  test-tube  over 
the  tube  b,  as  represented  in  fig.  20,  for  about  a  minute, 
slowly  withdraw  it,  keeping  its  mouth  downwards,  and  apply 
it  to  a  flame;  if  it  explodes,  the  hydrogen  in  the  bottle  is  still 
mixed  with  air,  and  it  would  explode  if  Ughted.  Eepeat  the 
experiment  until  the  hydrogen  can  be  seen  to  burn  steadily 

*  To  granulate  zinc,  melt  it  in  an  iron  ladle,  stand  upon  the  table, 
and  pour  the  melted  metal,  in  a  thin  stream,  into  a  pail  of  water 
standing  on  the  floor. 
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away  in  tlie  test-tube.  The  hydrogen  issuing  from  the  tube 
B  may  then  be  kindled  with  safety.    Hold  the  lid  of  a  porce- 


FiG.  20. 


Fig.  21. 


Fig.  22. 


lain  crucible  in  the  flame  (fig.  21),  pressing  it  close  up  to  the 
jet.  No  spot  (of  arsenic  or  antimony)  will  be  deposited  upon 
the  porcelain  if  the  hydrogen  be  pure. 

Pour  a  few  drops  of  the  solution  to  be  tested  for  arsenic, 
prepared  as  directed  above,  into  the  funnel-tube  a,  and  repeat 
the  experiment  with  the  porcelain  lid.  If  arsenic  be  present, 
arsenietted  hydrogen  wil)  be  formed,  and  will  deposit  a  dark 
brown  stain  of  arsenic  on  the  porcelain  siu'face. 

Make  a  stain  upon  another  lid  in  the 
same  way. 

Heat  the  tube  b  with  a  spirit-lamp 
(fig.  22)  for  a  minute  or  two,  when  the 
arsenietted  hydrogen  will  be  decom- 
posed, and  a  nearly  black  shining  crust 
of  arsenic  will  be  deposited  on  the  cooler 
part  of  the  tu.be. 

To  prove  that  these  results  are  due 
to  arsenic,  and  not  to  antimony,  which 
might  imitate  them,  touch  one  of  the  stains  with  a  glass  rod 
dipped  in  solution  of  chloride  of  lime,  which  will  dissolve  a 
stain  of  arsenic,  but  not  that  of  antimony. 
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Test  tlie  other  stain  in  the  same  way  with  yellow  hydro- 
snlphate  of  ammonia,  which  will  not  dissolve  a  stain  of 
arsenic,  but  dissolves  that  of  antimony.  If  the  deposit  formed 
in  B  were  due  to  antimony,  it  would  be  produced  close  to  the 
hot  part  of  the  tube,  whilst  the  arsenical  crust  is  deposited 
upon  the  cooler  part  of  the  tube.  To  be  quite  sure  of  its 
character,  make  a  deep  file-mark  at  each  end  of  it,  and  break 
off  the  end  of  the  glass.  Wrap  the  piece  containing  the  de- 
posit in  a  piece  of  stout  paper,  break  it  into  fragments  (not 
into  powder),  and  heat  one  or  two  of  these  in  a  small  tube 
(17),  when  the  arsenic  will  be  oxidized,  and  a  shining  ring  of 
crystals  of  arsenious  acid  wiU  be  deposited  on  the  cooler  part 
of  the  tube. 

35.  Metallic  Arsenic  is  a  darh  grey  brittle  substance, 
with  metallic  lustre.  It  is  insoluble  in  water  and  in  hydro- 
chloric acid,  but  dissolves  in  boiling  nit^Ac  acid.  Wlien 
heated  in  air,  it  emits  a  smeU  of  garlic.  Heated  in  a  dry 
tube  (17)  it  is  converted  into  vapour,  which  condenses  higher 
up  the  tube,  partly  as  a  black  shining  crust,  partly  as  a 
white  crystalline  powder  of  arsenious  acid  produced  by  the 
oxygen  of  the  air  in  the  tube. 


Common  Compounds  of  Arsenic. 


Names. 

Composition. 

Arsenious  acid,  or  ) 
White  arsenic  \ 

Arsenic,  oxygen. 

Arsenite  of  copper,  or  ) 
Scheele's  green  \ 

Arsenious  acid,  oxide  of  copper. 

Arsenic  acid 
Arseniate  of  soda 

Arsenic,  oxygen. 
Arsenic  acid,  soda,  water. 

Tersiilphide  of  arsenic,  or  ) 
Yellow  orpiment  \ 

Arsenic,  sulphur. 

Bisulphide  of  arsenic,  or  ) 
Realgar  or  red  orpiment  \ 

Iodide  of  arsenic 

Arsenic,  sulphur. 
Arsenic,  iodine. 
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Arsenious  Acid  is  sold  either  in  opaque  porcelain-like  masses, 
or  as  a  white  powder.  It  seems  insoluble  in  water,  unless 
long  boiled  with  it,  but  dissolves  in  boiling  hydrochloric  acid, 
and  more  readily  in  boiling  nitric  acid,  evolving  from  the 
latter  brown  fumes  of  nitrous  acid. 

When  a  little  arsenious  acid  is  heated  in  a  dry  tube  (17), 
it  is  entirely  converted  into  vapour,  and  is  deposited  on  the 
cooler  part  of  the  tube  as  a  white  crystalline  powder  (246, 
251). 

Arseniie  of  Copper  has  been  described  at  page  20.  When 
heated  in  a  dry  tube  (17),  it  evolves  vapour  of  arsenious  acid 
which  condenses  to  a  crystalline  powder. 

Arsenic  Acid  is  commonly  sold  in  combination  with  water, 
as  hydrated  arsenic  acid,  in  white  irregular  lumps,  which  soon 
become  damp  by  absorbing  water  from  the  air.  It  dissolves 
in  water,  and  if  the  solution  be  mixed  with  hydrochloric  acid, 
and  a  considerable  volume  of  hydrosulphuric  acid  added,  it 
is  not  precipitated  in  the  cold,  but  when  boiled  it  yields  a 
white  precipitate  of  sulphur,  followed  by  a  yellow  precipitate 
of  tersulphide  of  arsenic. 

Arseniate  of  Soda  forms  prismatic  crystals  which  dissolve 
easily  in  water,  yielding  a  solution  which  is  alkaline  to  test- 
papers  (18),  and  behaves  like  arsenic  acid  with  hydrochloric 
and  hydrosulphuric  acids. 

Tersulphide  of  Arsenic  is  Iright  yellow,  insoluble  in  water 
and  in  hydrochloric  acid,  but  dissolved  by  boiling  nitric  acid, 
with  separation  of  sulphur.  It  dissolves  in  warm  ammonia 
or  potash,  yielding  a  colourless  solution,  from  which  it  is  re- 
precipitated  in  yellow  flakes  by  an  excess  of  hydrochloric  acid. 

Realgar  is  sold  in  orange-red  masses  or  powder.  It  be- 
haves like  the  preceding  with  water  and  acids,  but  is  not 
entirely  dissolved  by  potash,  leaving  a  dark  brown  residue. 

Iodide  of  Arsenic  forms  brick-red  flakes  which  are  dissolved 
to  a  considerable  extent  by  boiling  water,  and  evolve  violet 
vapours  when  boiled  with  nitric  acid. 

36.  To  confirm  the  presence  of  tin,  place  in  a  little  of 
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the  original  solution  (which  should  contain  free  hydrochloric 
but  not  nitric  acid)  a  piece  of  zinc ;  after  a  short  time  metallic 
tin  wiU  be  deposited  as  a  spongy  mass ;  rinse  this  with  water, 
boil  it  with  a  little  hydrochloric  acid  to  dissolve  it  in  the 
form  of  chloride  of  tin  (stannous  chloride),  and  test  it  with 
perchloride  of  mercury  (22). 

If  the  original  solution  contains  nitric  acid,  add  ammonia 
in  slight  excess  to  neutraHze  it,  and  acidify  the  solution  again 
with  hydrochloric  acid  before  testing  with  zinc. 

37.  The  mode  of  identifying  metallic  tin  has  been  de  - 
scribed at  (23). 

Common  Stannic  Compounds  (or  persalts  of  tin.)* 


Names. 

Composition. 

Binoxide  of  tin,  or  ) 
Stannic  acid  ) 
Stannate  of  soda 
Bisulphide  of  tin  ) 
Aurum  musivum  ) 
Stannic  chloride,  or  ) 
Nitromuriate  of  tin  ) 

Pink  salt  | 

Tin,  oxygen. 

Stannic  acid,  soda,  water. 
Tin,  sulphur. 

Tin,  chlorine,  (water.) 

Stannic  chloride. 
Hydrochlorate  of  ammonia. 

Binoxide  of.  Tin  is  insoluble  in  water  and  acids,  and  will, 
therefore,  not  be  considered  at  present. 

Stannate  of  Soda  is  usually  sold  in  opaque  irregular  crystals, 
which  are  soluble  in  cold  water.  The  solution  is  alkaline 
( 18).  Hydrochloric  acid  added  drop  by  drop  causes  a  white 
precipitate  of  stannic  acid,  which  is  redissolved  by  an  excess 
of  the  acid. 

Bisulphide  of  Tin,  or  bronze  powder,  or  Mosaic  gold,  is  a 
golden  yellow,  scaly  substance,  insoluble  in  water,  in  hydro- 
chloric acid,  and  in  nitric  acid,  but  dissolved  by  boiling  with 


*  Nitric  acid  converts  stannous  compounds  into  stannic  compounds  ; 
hence,  if  this  acid  has  been  used  to  dissolve  the  original  substance,  this 
may  have  been  a  stannous  compound  (23). 
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hydrochloric  acid  and  adding  a  little  nitric  acid.  Much 
nitric  acid  causes  the  separation  of  white  binoxide  of  tin. 

Stannic  Chloride  is  commonly  met  with  in  the  staie  of 
solution,  which  is  highly  acid  to  test  papers  (18),  It  may 
be  tested  for  chlorine  with  nitrate  of  silver  (Table  H). 

Pink  Salt  may  be  tested  for  chlorine  in  a  similar  manner. 
When  heated  with  potash  it  evolves  ammonia. 

38.  The  presence  of  antimony  may  be  confirmed  by  pro- 
ceeding as  in  the  case  of  tin  (36),  when  a  sooty  black  powder 
of  metallic  antimony  will  be  deposited. 

Or  a  few  drops  of  the  solution  (free  from  nitric  acid)  may 
be  placed  upon  a  surface  of  platinum  (foil)  and  a  piece  of 
zinc  made  to  touch  the  platinum ;  a  dark  stain  of  antimony 
will  be  formed  upon  the  latter  metal.  If  this  stain  be  rinsed 
with  water,  and  wetted  with  yellow  hydrosulphate  of  am- 
monia, it  win  be  dissolved  on  warming,  and  the  solution,  if 
evaporated  on  the  platinum,  will  deposit  the  orange-coloured 
sulphide  of  antimony. 

Or  the  solution,  containing  hydrochloric  acid  only,  and 
not  nitric  acid,  may  be  tested  by  Marsh's  test  (34). 

Or  a  little  of  the  original  substance  may  be  boiled  with 
excess  of  hydrochloric  acid,  and  a  Tew  strips  of  copper,  when 
the  latter  will  displace  the  antimony  and  oecome  covered 
with  a  purple  antimonial  film.  Einse  the  strips  of  copper, 
and  boil  them  in  a  little  potash,  allowing  their  surfaces  to  be 
occasionally  uncovered  and  exposed  to  air,  in  order  that  the 
antimony  may  be  oxidized,  when  the  potash  will  dissolve  it. 
Pour  this  solution  into  another  tube,  add  some  hydrosul- 
phuric  acid,  filter  off  any  dark  precipitate  (sulphide  of  copper 
or  of  lead),  and  mix  the  filtered  liquid  with  excess  of  hydro- 
chloric and  hydrosulphuric  acids,  which  wiU  give  the  orange 
precipitate  of  sulphide  of  antimony. 

38.  Metallic  Antimony  is  known  by  its  great  brittleness 
and  brilliant  lustre.    It  is  not  attacked  by  water,  and  to  a 
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slight  extent  only  by  boiling  hydrocliloric  acid.  "When 
boiled  with  diluted  nitric  acid,  it  is  converted,  though  slowly, 
into  a  white  powder  (antimonic  acid)  which  is  slightly  soluble 
in  the  nitric  acid.  A  mixture  of  hydrochloric  acid  with  a 
httle  nitric  acid  dissolves  the  metal,  and  if  a  large  excess  of 
acid  be  avoided,  the  addition  of  a  large  volume  of  water  to 
the  solution  causes  a  thick  white  precipitate  of  oxychloride 
of  antimony. 


Common  Compounds  of  Antimony. 


Names. 

Composition. 

Tersulphide  of  antimony,  or 
Crude  antimony  ore  ' 
Teroxide  of  antimony 
Flowers  of  antimony 

Tartar-emetic 

Terchloride  of  antimony 
Antimoniate  of  potash 

1 

Antimony,  sulphur. 

Antimony,  oxygen. 

Teroxide  of  anthnony, 
Potash,  tartaric  acid,  water. 
Antimony,  chlorine. 
Antimonic  acid,  potash. 

Tersulphide  of  Antimony,  as  found  in  nature,  is  a  darh 
grey  crystalline  substance  with  decidedly  metallic  lustre.  It 
is  tmaffected  by  water,  but  boihng  hydrochloric  acid  dissolves 
it  slowly,  evolving  the  odour  of  hydrosulphuric  acid.  If  the 
solution  thus  obtained  be  filtered  and  mixed  with  water,  it 
generally  gives  an  orange  red  precipitate.  A  mixture  of 
hydrochloric  acid  with  a  little  nitric  acid  dissolves  it  readily, 
flakes  of  sulphur  being  separated. 

The  artificial  tersulphide  of  antimony,  or  antimony- 
vermilion,  is  an  orange  red  powder,  which  behaves  with  acids 
like  the  native  tersulphide. 

Teroxide  of  Antimony  is  a  greyish-white  powder,  insoluble 
in  water,  but  dissolved  by  hydrochloric  acid.  When  heated 
on  a  knife  or  a  slip  of  glass  it  becomes  yellow,  but  turns 
white  again  on  cooUng. 

Tartar-emetic  forms  hard  white  crystals,  or  a  white  powder, 
readily  dissolved  by  hot  water.    The  solution  gives  a  white 
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precipitate  of  teroxide  of  antimony  on  adding  a  drop  of 
diluted  hydrochloric  acid,  but  an  excess  of  acid  readily  dis- 
solves it.  When  tartar-emetic  is  heated  on  a  knife  or  a  slip 
of  glass,  it  is  carbonized,  and  evolves  the  peculiar  odour  of 
burnt  sugar  which  characterizes  the  products  of  decomposi- 
tion of  tartaric  acid. 

Terchloride  of  Antimony  in  the  pure  state  forms  a  soft  grey 
fusible  solid,  but  it  is  commonly  met  with  in  the  state  of 
solution,  usually  of  a  yellow  colour,  due  to  the  presence  of 
iron.  When  largely  diluted  with  water,  it  gives  a  white 
precipitate  of  oxychloride  of  antimony. 

Antimoniate  of  Potash  is  usually  sold  as  a  white  powder, 
which  is  partly  dissolved  by  boiling  water,  yielding  an  alkaline 
solution  (18).  If  this  solution  be  filtered,  and  a  drop  of 
diluted  hydrochloric  acid  added  to  it,  it  yields  a  slight  white 
precipitate  of  antimonic  acid  which  dissolves  in  an  excess  of 
the  acid.  If  a  drop  of  the  aqueous  solution  be  briskly  stirred, 
on  a  slip  of  glass,  with  a  drop  of  solution  of  carbonate  of  soda, 
it  gives  a  precipitate  (antimoniate  of  soda)  which  deposits  on 
the  lines  where  the  rod  has  rubbed  against  the  glass. 

40.  Examples  for  Practice  in  Tables  B  and  C. — The 
following  substances  may  be  selected  (10)  : — 


Corrosive  sublimate, 
Acetate  of  lead, 
Sulphate  of  copper, 
Oxychloride  of  bismuth, 
Chloride  of  lead. 


Arsenious  acid, 
Litharge, 
Eed  lead, 
Oxide  of  copper, 
Metallic  tin. 
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NOTES  TO  TABLE  D. 

42.  Wlien  time  permits,  it  is  desirable  to  collect  a  little 
of  the  precipitate  tipon  a  filter  (4),  and  to  wasli  it  (16)  before 
treating  it  with  hydrochloric  acid,  which  may  be  poured  over 
it  upon  the  filter. 

43.  A  white  or  grey  residue  of  sulphur  is  often  left  un- 
dissolved, especially  if  the  precipitate  be  treated  with  hydro- 
chloric acid  without  being  washed. 

44.  To  confirm  the  presence  of  iron,  test  the  original 
solution,  which  should  be  acid  (18),  with  ferrocyanide  of 
potassium,  when  a  blue  precipitate  should  be  obtained. 

Ferrous  salts  give,  with  ferrocyanide  of  potassium,  a  Hght 
blue  precipitate  of  the  double  ferrocyanide  of  iron  and  potas- 
sium ;  and  with  ferridcyanide  of  potassium,  a  dark  blue  pre- 
cipitate of  ferridcyanide  of  iron  (Turnbull's  blue). 

Ferric  salts  give,  with  ferrocyanide  of  potassium,  a  dark 
blue  precipitate  of  ferrocyanide  of  iron  (Prussian  blue) ;  and 
with  ferridcyanide  of  potassium,  a  dark  brown  solution,  but 
no  precipitate. 

Since  nitric  acid  converts  ferrous  into  ferric  salts,  no  con- 
clusion can  be  drawn  from  these  tests  when  that  acid  has  been 
employed  in  dissolving  the  substance. 

45.  Metallic  Iron  would  generaUy  be  recognised  by  its 
external  appearance.  It  dissolves  sloAvly  in  dilute  hydro- 
chloric acid,  evolving  a  disagreeable  smeU  of  impure  hydrogen. 
Ammonia  added  in  excess  (5)  to  this  solution,  gives  a  dingy 
green  precipitate  which  gradually  becomes  brown  when 
shaken  with  air. 

Wrovght  Iron  (malleable  or  bar  iron)  may  be  identified  by 
warming  two  or  three  grains  of  it  with  diluted  nitric  acid 
(specific  gravity  1-2*),  when  it  will  dissolve  entirely,  yield- 
ing a  solution  which  is  nearly  colourless  after  cooling,  pro- 
vided that  the  nitric  acid  be  free  from  chlorine. 

♦  Three  measures  of  ordinary  strong  nitric  acid  mixed  with  four 
measures  of  water. 
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Steel,  when  tested  in  this  way,  gives  a  solution  which 
retains  a  brown-yellow  colour  after  cooling,  due  to  the  pro- 
ducts of  the  action  of  nitric  acid  upon  the  combination  of 
iron  with  carbon,  which  is  present  in  steel. 

White  Cast  Iron,  heated  with  nitric  acid  of  the  above 
strength,  also  dissolves,  leaving  little  or  no  black  residiie  of 
uncombined  carbon,  but  the  solution  has  usually  a  darker 
colour  than  that  furnished  by  steel,  because  white  iron  com- 
monly contains  a  larger  proportion  of  carbon  in  combination 
with  the  metal. 

Greij  Cast  Iron  (ordinary  pig  iron)  leaves  a  considerable 
black  residue  of  graphite  (uncombined  carbon)  when  heated 
with  nitric  acid,  and  if  this  be  allowed  to  subside,  the  Hqiiid 
will  usually  have  a  pale  brown-yellow  colour. 

Mottled  Cast  Iron  furnishes  a  result  intermediate  between 
those  obtained  with  white  and  grey  cast  irons,  the  colour  of 
the  solution  being  paler  than  in  the  former  case,  and  the 
black  residue  less  abundant  than  in  the  latter. 


Common  Compounds  of  Iron. 


Names. 

Convposition. 

Sesquioxide  or  peroxide  of  iron,  or  ) 
Ferric  oxide  ( 

Magnetic  oxide  of  iron,  or  ) 
Ferroso-ferric  oxide  ) 

Sulphate  of  iron,  or  ) 
Ferrous  sulphate  ) 

Sulphide  or  sulphuret  of  iron,  or  ) 
Ferrous  sulphide  \ 

Bisulphide  of  iron,  or  ) 
Iron  pyrites  V 

Carbonate  of  iron,  or  ) 
Spathic  iron  ore  \ 
Perchloride  or  sesquichloride  of  iron 
Ferrocyanide  of  iron,  or  ) 
Prussian  blue  j 
Iodide  of  iron 

Silicate  of  iron,  or  ) 
Iron  slag  ) 

Iron,  oxygen. 

Iron,  oxygen. 

\  Oxide  of  iron,  sulphuric  acid, 
(  Water. 

Iron,  sulphur. 
Iron,  sulphur. 

Oxide  of  iron,  carbonic  acid. 

Iron,  chlorine. 

Iron,  cyanogen  (carbon  and 

nitrogen). 
Iron,  iodine. 

Oxide  of  iron,  silicic  acid. 

u  2 
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Sesqmoxide  of  Iron,  or  ferric  oxide,  is  met  with  in  several 

forms.  .       •     1  1 

Bed  Hccmatite  Ore,  or  natural  sesquioxide  of  iron,  is  a  hard 
compact  mineral  of  a  dark  reddish  brown  colour,  not  easily 
reduced  to  a  powder,  which  is  dark  red.  It  is  not  dissolved 
by  water,  but  hydrochloric  acid  slowly  dissolves  it,  yielding 
a  yellow  solution,  which  gives  a  rust-coloured  precipitate 
with  ammonia. 

Specular  Iron  Ore,  another  natural  variety  of  the  sesqui- 
oxide, is  black,  and  has  a  brilliant  lustre.  Its  relations  to  sol- 
vents resemble  those  of  haematite. 

Broivn  Ilcematite  Ore  contains  water  in  combination  with 
ferric  oxide,  and  wiU  therefore  give  off  steam  when  heated  in 
a  dry  tube  (17).  It  varies  in  colour  through  different  shades 
of  yellow,  brown,  and  red.  Hydrochloric  acid  dissolves  it 
more  rapidly  than  it  does  the  two  preceding  ores. 

The  artificial  sesquioxide  of  iron,  which  is  commonly  known 
as  Colcothar,  Crocus,  or  Jewellers'  Bouge,  has  a  brighter  red 
colour  than  hematite,  which  it  resembles  in  its  behaviour 
Avith  hydrochloric  acid. 

Bust  has  the  same  characters  as  brown  hsematite. 
Magnetic  or  Blade  Oxide  of  Iron,  as  found  in  nature,  is 
a  hard  mineral  with  considerable  lustre.  Hydrochloric 
acid  slowly  dissolves  it,  with  the  aid  of  heat,  yielding  a  greenish 
solution  which  gives  a  dingy  green  precipitate  on  addition  of 
ammonia.  The  black  oxide  of  iron  which  composes  forge- 
scales  possesses  similar  characters,  but  is  usuaUy  devoid  of 

Sulphate  of  Iron  (copperas,  green  vitriol)  forms  transparent 
green  crystals,  often  streaked  with  rusty  brown.  It  dissolves 
when  shaken  with  cold  water,  but  when  boiled  with  water,  it 
generaUy  deposits  a  brown  basic  persulphate  of  iron  formed 
"  by  the  decomposition  of  some  ferric  sulphate  contained  m  the 
salt.  This  deposit  is  easily  dissolved  by  hydrochloric  acid, 
forming  a  yellow  solution. 

Dried  Sulphate  of  Iron  is  a  brownish  white  powder  which 


IliON  COMPOUNDS. 


37 


is  not  easily  dissolved  by  cold  water,  and  behaves  like  the  green 
sulphate  when  boiled.    Hydrochloric  acid  readily  dissolves  it. 

Sulphide  of  Iron  is  a  hlach  substance  somewhat  resembling 
iron  itself,  insoluble  in  water,  but  dissolving  in  hydrochloric 
acid,  and  evolving  a  powerful  offensive  odour  of  hydrosul- 
phuric  acid.  On  adding  ammonia  to  this  solution  before  the 
hydrosulphuric  acid  is  boiled  off,  a  black  precipitate  of  sul- 
phide of  iron  is  obtained. 

Iron  Pyrites  has  the  colour  and  lustre  of  brass.  It  often 
occui-s  in  distinct  cubical  crystals,  but  more  commonly  in 
rounded  lumps  which  are  dark  brown  externally,  and  have  a 
radiated  crystalline  structure  when  broken.  It  is  not  attacked 
by  water  or  hydrochloric  acid,  but  nitric  acid  dissolves  it  on 
boihng,  with  separation  of  flakes  of  sulphur. 

Spathic  Iron  Ore,  or  ferrous  carbonate,  varies  very  much 
in  appearance,  but  usually  forms  greyish  white  masses  which 
seem  to  be  made  up  of  tabular  crystals.  It  is  unaffected  by 
water,  but  dissolves  in  hydrochloric  acid,  assisted  by  heat, 
with  effervescence  caused  by  the  escape  of  carbonic  acid. 

The  red  carbonate  of  iron  of  the  druggist  is  chiefly  sesqui- 
oxide  of  iron. 

■Per chloride  of  Iron,  ox  muriate  of  iron,  ox  ferric  chloride, 
is  only  met  with  in  solution,  which  has  a  yellow  or  red  coloiu', 
and  gives  a  rust-coloured  precipitate  with  ammonia.  The 
chlorine  may  be  detected  in  it  by  nitrate  of  silver  (Table  H). 
The  tincture  of  sesquichloride  of  iron  is  known  by  its  alco- 
hoHc  smeU. 

Prussian  Blue  is  insoluble  in  water  and  in  the  diluted 
acids.  It  may  be  known  by  its  becoming  brown  when  boiled 
with  potash ;  if  the  solution  of  ferrocyanide  of  potassium  thus 
obtained  be  filtered  from  the  deposited  peroxide  of  iron,  and 
mixed  with  excess  of  hydrochloric  acid,  it  will  give  a  blue 
precipitate  on  adding  perchloride  of  iron.  Concentrated 
hydrochloric  acid  dissolves  Prussian  blue,  on  boiling,  giving 
a  yellow  solution,  from  which  the  Prussian  blue  is  precipi- 
tated by  much  water. 
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Iodide  of  Iron,  ox  ferrous  iodide,  is  sold  only  in  solution, 
often  mixed  with  syrup  to  preserve  it.  Solution  of  iodide  of 
iron  has  a  very  pale  green  colour,  but,  if  partly  oxidized,  it 
is  rusty  brown  and  opaque.  It  may  be  tested  for  iodine  ac- 
cording to  Table  H. 

The  Iron  Slags,  or  silicates  of  iron,  obtained  in  the  processes 
of  refining  and  puddling  cast  iron,  are  MacJc  and  possessed  of 
considerable  lustre.  They  are  unaffected  by  water,  but  if 
finely  powdered  and  boiled  with,  hydrochloric  acid  (especially 
if  the  acid  be  concentrated),  they  partly  dissolve,  emitting  an 
odour  of  hydrosulphuric  acid  (caused  by  the  presence  of  sul- 
phide of  iron),  and  leaving  a  gelatinous  residue  of  siUca. 

46.  It  is  desirable  to  confirm  the  indication  of  Cobalt 
either  by  the  blowpipe  (270),  or  by  coUecting  this  precipitate 
irpon  a  filter  (4),  washing  it  (16)  and  dissolving  it  off  the 
filter  with  a  Httle  dilute  hydrochloric  acid.  The  solution 
thus  obtained  should  have  a  light  pink  colour,  and  if  a  httle 
of  it  be  dropped  upon  filter-paper,  the  latter  should  become 
blue  or  green  when  gently  warmed.  Ferridcyanide  of  potas- 
sium added  to  the  solution  should  give  a  purple-brown  pre- 
cipitate. 

47.  Neither  metallic  cobalt  nor  its  compounds  are  fi-e- 
quently  met  with.  The  metal  bears  considerable  resemblance 
to  iron. 

Cobalt-glance,  one  of  its  chief  ores,  composed  of  cobalt, 
arsenic,  and  sulphur,  is  a  black  lustrous  mineral,  soluble  in 
boiling  nitric  acid,  yielding  a  pink  solution,  and  depositing 
flakes  of  sulphur. 

Commercial  Oxide  of  Cobalt  is  a  bluish  grey,  brown  or  black 
powder,  according  to  the  mode  of  preparing  it.  Hydrochloric 
acid  dissolves  it  to  a  green  or  blue  liquid  which  becomes  pink 
when  diluted. 

Smalt  is  glass  which  has  been  coloured  with  cobalt  and 
powdered.  It  is  insoluble  in  water,  hydrochloric  and  nitric 
acids. 

Nitrate  of  Cobalt  is  a  red  salt,  very  soluble  in  water  and 
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easily  attracting  moisture  from  tlie  air.  It  becomes  blue  when 
gently  heated  to  expel  water  of  crystallization,  and  if  heated 
more  strongly,  evolves  brown  nitrous  fumes,  leaving  black 

oxide  of  cobalt. 

48.  The  indication  of  nickel  may  be  confirmed  by  adding 
to  the  original  solution  an  excess  of  ammonia  (which  gives  a 
blue  colour,  especially  on  heating)  and  of  yeUow  sulphide 
of  ammonium,  when  the  sulphide  of  nickel  first  precipitated 
T\dU,  in  great  measui-e,  be  redissolved  to  a  muddy  brown 
solution. 

49.  Neither  metallic  nickel  (which  resembles  iron)  nor 
any  of  its  compounds  are  common. 

Commercial  Oxide  of  Nickel  is  a  dull  green  or  hrown  powder 
which  dissolves  in  hydrochloric  acid,  yielding  a  green 
solution. 

Sulphate  of  Nickel  forms  bright  green  crystals,  which  are 
easily  dissolved  by  water  to  a  green  solution. 

50-  The  indication  of  aluminum  may  be  confirmed  by 
observing  the  character  of  the  precipitate  caused  by  ammonia 
in  the  original  solution.  The.  hydrate  of  alumina  which  is 
then  precipitated  is  nearly  transparent,  so  that  it  might  easily 
be  overlooked,  but  that  bubbles  of  air  are  usually  entangled 
in  it.  If  the  liquid  be  warmed,  the  alumina  separates  in 
more  distinct  flakes. 

The  potash  employed  in  testing  often  contains  alumina, 
which  renders  it  the  more  necessary  to  confirm  the  result  by 
testing  the  original  solution. 

51.  Metallic  Aluminum  resembles  tin  in  appearance,  but 
is  much  lighter.  It  is  distinguished  from  all  other  white 
metals  except  platinum,  by  its  resistance  to  the  action  of  nitric 
acid,  and  from  platinum  by  its  easily  dissolving  in  hydro- 
chloric acid. 
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Common  Compounds  of  Aluminum. 


Names. 

Composition. 

Clay,  or  silicate  of  alumina 
Sulphate  of  alumina,  or  ) 

Alum* 
Emery 

Acetate  of  alumina 
Aluminate  of  soda 
Kryolite 

Alumina,  silicic  acid,  water. 

Alumina,  sulphuric  acid,  water. 

( Alumina,  sulphuric  acid, 
\  Potash  (or  ammonia),  water. 

Aluminum,  oxygen. 

Alumina,  acetic  acid,  water. 

Alumina,  soda. 

Aluminum,  sodium,  fluorine. 

Clay,  being  nearly  insoluble  in  hydrochloric  and  nitric 
acids,  will  be  considered  hereafter,  as  will  Emery  and  Kryolite 
for  the  same  reason. 

Sulphate  of  Alumina  i.?,  sold  as  a  white  or  greyish  mass, 
of  crystalline  structure,  and  sweetish  astringent  taste.  It 
dissolves  easily  in  water,  yielding  a  solution  which  reddens 
blue  litmus.  The  sulphuric  acid  may  be  detected  with  chlo- 
ride of  barium  (Table  H). 

Alum  may  be  either  sulphate  of  alumina  and  potash,  or 
sulphate  of  alumina  and  ammonia,  or  a  mixture  of  both  salts, 
according  to  the  conditions  of  its  manufacture.  It  forms 
bright  colourless  crystals,  which  have  a  sweet  astringent  taste, 
and  dissolve  easily  in  cold  water,  yielding  a  solution  which 
reddens  blue  litmus.  "When  heated  on  a  knife  or  a  piece  of 
glass,  alum  easily  melts,  evolves  much  steam,  and  leaves  a 
white  opaque  swollen  mass  which  is  quite  infusible.  If  this 
mass  be  held  so  as  to  touch  the  outside  coating  of  the  flame, 
the  violet-blue  tint  imparted  to  the  latter  wiU  indicate  the 
presence  of  potash.  Ammonia  may  be  detected  by  its  odour, 
on  boiling  the  alum  with  potash. 

Acetate  of  Alumina  or  Red  Mordant  is  sold  in  a  state  of 
solution  in  water.    It  has  an  odoiir  of  acetic  acid  (vinegar), 


*  Potash-alum  is  composed  of  sulphate  of  alumina  and  sulphate  of 
potash,  whilst  ammonia- alum  contains  sulphate  of  alumina  and  sulphate 
of  ammonia. 
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reddens  bine  Htmus,  and  if  diluted  Avitli  much  water  and 
boiled,  yields  a  translucent  gelatinous  precipitate  of  basic 
acetate  of  alumina.  The  presence  of  acetic  acid  may  be 
proved  by  the  production  of  a  red  colour  on  adding  per- 

chloride  of  iron. 

Aluminate  of  Soda  is  a  greyish-white  opaque  substance, 
strongly  alkahne  to  the  taste,  dissolving  easily  in  water, 
yielding  a  solution  which  blues  red  litmus.  On  addmga 
single  drop  of  diluted  hydrochloric  acid,  a  flocculent  preci- 
pitate of  alumina  appears,  but  is  redissolved  by  an  excess  of 
the  acid.  Addition  of  ammonia  to  this  solution  produces  the 
gelatinous  precipitate  of  alumina. 

52.  To  confirm  the  presence  of  zinc,  boil  the  original 
solution  with  a  httle  nitric  acid,  add  ammonia  in  excess  (5), 
filter  off  any  slight  precipitate,  and  add  strong  hydrosulphuric 
acid  to  the  filtered  solution,  which  should  give  a  white  pre- 
cipitate of  sulphide  of  zinc. 

Or  mix  the  original  solution  with  ammonia  in  excess, 
filter,  if  necessary,  and  add  ferrocyanide  of  potassium,  which 
produces  a  white  precipitate  of  ferrocyanide  of  potassium  and 
zinc,  generally  appearing  yellow  through  the  excess  of  ferro- 
cyanide of  potassium. 

(Blowpipe  test  for  Zinc,  see  267.) 

53.  Metallic  Zinc  is  easily  dissolved  by  hydrochloric  acid  or 
nitric  acid,  the  latter  serving  to  distinguish  it  from  aluminum. 

Common  Compounds  of  Zinc. 


Names. 

Gomposiiion. 

Sulphate  of  zinc,  or  ) 
White  vitriol  \ 

\  Oxide  of  zinc,  sulphuric  acid, 
I  Water. 

Oxide  of  zinc,  or  ) 
Zinc  white  ) 

Zinc,  oxygen. 

Carbonate  of  zinc,  or  ) 
Calamine  ) 

Oxide  of  zinc,  carbonic  acid. 

Sulphide  of  zinc,  or          )  . 
Blende  \ 
Chloride  of  zinc 

Zinc,  sulphur. 
Zinc,  chlorine. 
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Sulphate  of  Zinc  is  visually  met  with  in  shining  needle-like 
crystals  which  dissolve  easily  in  water.  The  solution  reddens 
blue  litmus  paper,  and  has  a  nauseous  metallic  taste.  The 
sulphuric  acid  may  be  detected  by  chloride  of  barium 
(Table  H). 

Zinc  White  is  insoluble  in  water,  but  dissolves  in  hydro- 
chloric acid,  usually  effervescing  slightly  from  the  escape  of 
carbonic  acid,  which  the  oxide  of  zinc  absorbs  from  the  air. 
When  heated,  oxide  of  zinc  becomes  yellow,  but  resumes  its 
white  colour  on  cooling. 

Carbonate  of  Zinc  occurs  in  nature  as  Calamine,  which  has 
a  light  brown  colour  due  to  the  presence  of  iron.  It  is  in- 
soluble in  water,  but  dissolves  with  effervescence  in  hydro- 
chloric or  nitric  acid.  When  the  nitric  solution  is  mixed 
with  an  excess  of  ammonia,  any  iron  which  is  present  wiU  be 
precipitated  as  brown  hydrated  peroxide,  and  if  this  be 
separated  by  filtration,  the  solution  will  yield  a  white  preci- 
pitate with  sulphide  of  ammonium. 

Sulphide  of  Zinc  or  Blende,  also  called  Black  Jack,  is 
another  ore  of  zinc,  commonly  met  with  in  black  shining 
dodecahedral  crystals,  the  colour  of  which  appears  to  be  due 
to  their  containing  sulphide  of  iron.  It  is  not  affected  by 
water,  and  dissolves  very  slowly  in  boiling  hydrochloric  acid, 
evolving  the  odour  of  hydrosulphuric  acid.  Nitric  acid  dis- 
solves it,  generally  causing  the  separation  of  flakes  of  sulphur ; 
the  solution  behaves  as  described  above  in  the  case  of 
calamine. 

Chloride  of  Zinc  is  commonly  sold  in  solution  {Burnett's 
disinfecting  fluid).  The  chlorine  may  be  detected  by  nitrate 
of  silver  (Table  H).  SoHd  chloride  of  zinc  is  white  and 
opaque ;  it  absorbs  moisture  rapidly  from  the  air,  becoming 
wet  (deliquesces). 

54.  To  confirm  the- presence  of  manganese,  boil  the  ori- 
ginal, solution  with  a  little  nitric  acid  to  convert  any  ferrous 
salt  into  ferric  salt,  and  add  chloride  of  ammonium  and  excess 
of  ammonia  (5).  Filter  from  any  precipitate  caused  by  iron 
present  as  an  impurity,  when  the  filtered  liquid  Avill  become 
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brown  on  shaking  with  air,  and  will  give  a  pink  or  buff  pre- 
cipitate with  one  drop  of  hydrosnlphate  of  ammonia,  either 
immediately  or  on  standing  or  warming.  (Blowpipe  test  for 
Manganese,  see  273.) 

55.  Metallic  Manganese  is  very  uncommon.  It  resembles 
iron  in  appearance,  but  when  heated  with  water  it  causes 
effervescence,  from  escape  of  hydrogen. 


Common  Compounds  of  Manganese. 


Names. 

Composition. 

Binoxide  of  mauganese,  or  ? 
Black  manganese  i 

Sulphate  of  manganese 
Permanganate  of  potash 
Manganate  of  potash 

! 

Manganese,  oxygen. 

Oxide  of  manganese 
Sulphuric  acid,  water. 

^             •      -J  (  manganese, 
Permanganic  acid    „  "n- 
Potash.                *  •'^ 

. ,      \  manganese. 
Manganic  acid             °  ^ 

Potash.  ^ 

Binoxide  of  Manganese  (or  Manganese  as  it  is  often  called) 
is  foimd  in  nature,  as  Fyrolusite,  in  black  shining  masses  often 
exhibiting  prismatic  crystals.  The  oxide  is  also  met  with  in 
dull  dark  iroiyft  fragments  which  give  a  dark  brown  powder. 
It  is  not  attacked  by  water,  but  hydrocUoric  acid  dissolves  it 
slowly,  evolving  a  strong  smeU  of  chlorine.  If  the  solution 
be  filtered  (4)  and  mixed  with  ammonia  in  excess,  it  gives  a 
brown  precipitate  of  peroxide  of  iron,  which  is  a  constant 
impurity  of  the  mineral,  and  after  this  has  been  filtered  ofE, 
the  solution  will  give  a  buff  or  flesh-coloured  precipitate  with 
sulphide  of  ammonium. 

Sulphate  of  Manganese  is  met-svith  (as  an  artificial  product) 
in  crystalline  masses  of  a  pinkish  colour,  easily  dissolved  by 
hot  water,  yielding  a  solution  which  is  very  nearly  colourless. 
The  sulphuric  acid  may  be  detected  by  chloride  of  barium 
(Table  H). 

Permanganate  of  Potash  is  commonly  sold  in  the  state  of 
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solution  {Condijs  disinfectant),  known  by  its  magnificent 
imrple  red  colour,  which  is  unchanged  by  cold  diluted  hydro- 
chloric acid,  but  vanishes  on  adding  an  excess  of  hydro- 
sulphuric  acid,  sulphur  being  separated.  If  a  solution  of 
permanganate  of  potash  be  mixed  with  potash  and  filtered 
once  or  twice  through  paper,  the  latter  becomes  brown  from 
the  deposition  of  binoxide  of  manganese,  and  a  green  solution 
of  manganate  of  potash  passes  through. 

The  solid  permanganate  of  potash  forms  hard  prismatic 
crystals  which  appear  almost  black,  but  are  really  dark  red 
with  a  green  reflection,  and  are  at  once  known  by  the  intense 
purple  colour  which  they  impart  even  to  cold  water. 

Manganate  of  Potash  is  met  with  as  a  fine  green  solution 
which  becomes  red  (permanganate)  when  diluted  with  much 
water,  depositing  brown  hydrated  peroxide  of  manganese. 
Dilute  nitric  acid  produces  a  similar  change. 

56.  Several  other  substances  beside  phosphate  of  lime 
might  also  be  precipitated  here,  but  this  being  far  more 
common  than  any  of  the  others,  would  be  found  in  most 
cases  to  compose  the  precipitate.  Phosphate  of  Magnesia, 
Oxalate  of  Lime,  and  Fluoride  of  Calcium  are  some  other 
common  substances  which  might  be  met  with  here.  (Phos- 
phate of  Baryta  and  Phosphate  of  Strontia  would  also  be 
precipitated,  but  they  are  very  uncommon.) 

In  order  to  be  quite  sure  that  phosphate  of  lime  is  present, 
the  original  solution  should  be  mixed  with  some  acetate  of 
ammonia  (prepared  by  adding  acetic  acid  to  ammonia  until 
it  reddens  blue  litmus  paper)  and  divided  into  two  parts. 

One  part  is  tested  with  oxalate  of  ammonia,  which  will 
produce  a  white  precipitate  of  oxalate  of  lime. 

The  other  part  is  tested  with  a  drop  of  perchloride  of  iron, 
which  vrill  give  a  white  precipitate  of  phosphate  of  iron. 

The  common  form  of  phosphate  of  lime  is  Bone  Ash,  which 
is  usually  sold  as  a  white  powder,  insoluble  in  water,  but 
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dissolving  easily  in  hydrochloric  acid,  with  alight  effervescence, 
due  to  the  escape  of  carbonic  acid  from  the  carbonate  of 
lime  always  present  in  bones,  and  often  leaving  a  slight  dark 
residue  of  charcoal. 

Superphosphate  of  Lime  is  commonly  sold  as  a  grey  damp 
powder,  which  dissolves  to  a  great  extent  in  water,  yielding 
a  strongly  acid  solution. 

57.  Phosphate  of  Magnesia  would  be  known  by  its  not 
yielding  any  precipitate  on  the  addition  of  oxalate  of  am- 
monia, as  above  directed  for  the  detection  of  lime ;  but  if  an 
excess  of  ammonia  be  afterwards  added,  and  the  solution 
briskly  stirred  (6),  a  crystalline  precipitate  of  ammonio- 
phosphate  of  magnesia  will  be  deposited. 

The  only  common  form  of  phosphate  of  magnesia  is  that 
of  ammonio-phosphate  or  triple  phosphate  found  in  calculi ; 
it  is  insoluble  in  water,  but  dissolves  easily  in  hydrochloric 
acid. 

58.  Oxalate  of  Lime  would  be  precipitated  on  mixing  its 
original  solution  with  acetate  of  ammonia,  since  it  is  insoluble 
in  the  acetic  acid  thus  set  free. 

Oxalate  of  lime  may  be  easily  identified  by  its  refusing  to 
effervesce  with  hydrochloric  acid  until  after  it  has  been  heated, 
when  it  becomes  converted  into  carbonate  of  lime.  It  may 
also  be  tested  for  oxalic  acid  according  to  Table  G. 

59.  Fluoride  of  Calcium  or  Fluor  Spar  is  met  with  in 
greenish  or  purple  cubical  crystals.  Its  powder  resembles 
powdered  glass  in  appearance  and  feel.  It  is  not  affected  by 
water,  and  is  dissolved  only  to  a  slight  extent  by  diluted 
hydrochloric  acid,  the  filtered  solution  yielding  a  flocculent 
precipitate  Avith  ammonia. 

When  heated  on  a  knife,  fluor  spar  generally  crackles  and 
flies  off,  at  the  same  time  emitting  a  peculiar  phosphorescent 
light,  somewhat  resembhng  that  of  burning  sulphur.  It  may 
be  tested  for  fluorine  according  to  Table  G. 

60-  To  confirm  the  presence  of  chromium,  fuse  a  very 
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little  of  the  original  substance  with  nitrate  of  potash,  in  a 
small  tube  (17),  when  a  bright  yellow  mass  of  chromate  of 
potash  will  be  produced  (120). 

61.  Metallic  chromium  is  not  likely  to  be  met  with  in 
ordinary  analysis. 


Common  Compounds  of  Chromium. 


Names. 

Composition. 

Oxide  of  chromium 
Chrome  iron  ore 
Chromate  of  potash,  and  ) 
Bichromate  of  potash  \ 

Chromate  of  lead,  or  ) 
Chrome-yellow  ) 

Chrome-alum 

Chromium,  oxygen. 

Chromium,  iron,  oxygen. 
(  Chromicacid(chromium&oxygen) 
1  Potash. 

(  Chromic  acid, 
(  Oxide  of  lead. 

j  Oxide  of  chromium, sulphuricacid, 
(  Potash,  water. 

Oxide  of  Chromium  is  a  green  powder  which  is  insoluble  in 
water,  but  generally  dissolves,  at  least  partly,  in  hydrochloric 
acid,  yielding  a  green  solution.  If  it  has  been  heated  to  red- 
ness, it  is  insoluble  in  hydrochloric  and  in  nitric  acids,  but 
may  be  dissolved  by  boiling  it  with  nitric  acid,  and  adding  a 
little  chlorate  of  potash,  which  oxidizes  the  chromium  into 
chromic  acid,  recognisable  by  the  yellow  precipitate  of  chromate 
of  lead  which  is  obtained  on  adding  acetate  of  ammonia  (56) 
and  acetate  of  lead. 

Chrome  Iron  Ore  is  a  hard  mineral,  of  a  dark  brown  or  dark 
green  colour,  which  is  almost  insoluble  in  acids,  and  may  be 
treated  in  a  similar  manner  to  the  preceding,  in  order  to 
detect  the  chromium. 

Chromate  of  Potash  forms  bright  yellow  crystals  easily 
soluble  in  water,  giving  a  yellow  solution,  which  becomes 
orange  red  when  mixed  with  hydrochloric  acid,  from  the 
production  of  bichromate  of  potash.  Hydrosulphuric  acid 
added  in  large  excess  to  the  acidified  solution  converts  it  into 
green  chloride  of  chromium,  rendering  it  opaque  from  the 
separation  of  sulphur. 
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Bichromate  of  Potash  is  sold  in  large  irregular  crystals  of 
a  fine  orange  red  colour,  easily  soluble  in  water.  The  solu- 
tion of  this  salt  also  becomes  green  when  mixed  with  hydro- 
chloric and  excess  of  hydrosulphuric  acids. 

Chromate  of  Lead  has  been  described  at  page  13. 

Chrome  Alum  forms  dark  purple  crystals,  which  dissolve 
in  water,  yielding  a  purple  solution,  becoming  green  when 


62.  Examples  for  Practice  in  Table  D.— The  following 
substances  may  be  analysed  (10)  : — 


boiled. 


Chrome  alum 
Sulphate  of  nickel 
Iron  pyrites 
Sulphate  of  manganese 
Sulphide  of  iron 


Oxide  of  zinc 
Binoxide  of  manganese 
Common  alum 
Sulphate  of  iron 


Peroxide  of  iron 
Sulphate  of  zinc 
Bone-ash 
Metallic  zinc. 
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NOTES  TO  TABLE  E. 

64.  To  confirm  the  presence  of  barium,  add  hydro- 
fluosilicic  acid  to  a  portion  of  the  original  solution,  and  stir 
well  with  a  glass  rod  (6),  when  a  semi-transparent  crystalline 
precipitate  of  silicofluoride  of  barium  wiU  be  deposited. 

65.  Metallic  Banum  is  very  uncommon.  It  speedily 
oxidizes  when  exposed  to  the  air,  becoming  converted  into 
baryta. 

Common  Compounds  of  Barium, 


Names. 

Composition. 

Sulpbate  of  baryta,  or  7 
Heavy  spar  j 
Carbonate  of  baryta,  or  \ 
Witherite  > 
Chloride  of  barium 
Nitrate  of  baryta 
Hydrate  of  baryta 
Baryta 

Chlorate  of  baryta 
Chromate  of  baryta 

Baryta  (oxide  of  barium)  sulphuric  acid. 

Baryta,  carbonic  acid. 

Barium,  chlorine,  water. 
Baryta,  nitric  acid. 
Baryta,  water. 
Barium,  oxygen. 
Baryta,  chloric  acid. 
Baryta,,  chromic  acid. 

Sulphate  of  Baryta.,  being  insoluble  in  water  and  acids, 
will  be  considered  hereafter. 

Carbonate  of  Baryta  is  found  as  a  greyish-white,  heavy 
earthy  mineral,  insoluble  in  water,  hut  dissolving,  with 
effervescence,  in  hydrochloric  acid.  If  a  glass  rod  or  a  pla- 
tinum wire  be  dipped  into  the  solution,  and  held  in  the 
margin  of  a  flame  (70),  it  will  tinge  the  flame  green.  The 
artificial  carbonate  of  baryta  is  a  pure  white  earthy  powder. 

Chloride  of  Barium,  or  muriate  of  barytes,  forms  transparent 
flat  crystals,  which  dissolve  easily  in  water.  The  chlorine 
may  be  detected  by  nitrate  of  silver  (Table  H). 

Nitrate  of  Baryta  forms  colourless  crystals,  which  are  dis- 
solved by  water.  When  heated  in  a  dry  tube  (17),  it  evolves 
brown  fumes  of  nitric  peroxide,  and  leaves  an  infusible  residue 
of  baryta. 
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Hydrate  of  Baryta  is  sold  either  in  colourless  crystals  or  as 
a  white  powder.  The  crystals  soon  become  opaque  when 
exposed  to  the  air,  losing  water  and  absorbing  carbonic  acid. 
Hydrate  of  baryta  dissolves  easily  in  water,  yielding  a  strongly 
alkaline  solution,  soon  rendered  milky  by  the  carbonic  acid 
of  the  air,  especially  if  shaken  in  a  test-tube  which  has  been 

breathed  into.  ,  .  ■,  , 

Baryta  is  sold  as  a  grey  porous  solid,  which  becomes  very 
hot  when  moistened  with  water,  and  crumbles  to  a  white 
powder  of  hydrate  of  baryta. 

Chlorate  of  Baryta  forms  colourless  crystals  soluble  m 
water  Hydrochloric  acid  colours  the  solution  yellow,  on 
applying  heat,  by  decomposing  the  chloric  acid,  and  evolves 
a  chlorous  smell.  Hydrosulphuric  acid  added  to  this  solu- 
tion yields  a  white  deposit  of  sulphur.  Strong  sulphuric 
acid  reddens  the  chlorate,  and  causes  explosion  on  heating. 

Chromate  of  Baryta  is  a  bright  yellow  powder,  insoluble  m 
water,  but  soluble  in  hydrochloric  acid,  giving  a  yellow  solu- 
tion, which  becomes  green  when  heated  with  alcohol  or 
allowed  to  remain  in  contact  with  metalUc  zmc,  chloride  ol 
chromium  being  formed.  _ 

66   To  confirm  the  presence  of  strontium,  apply  tbe 
coloured  flame  test  (70)  to  the  original  substance. 

67.  Metallic  Strontium  is  a  rarity;  it  is  soon  converted 
into  strontia  by  absorbing  oxygen  from  the  air. 

Common  Compounds  of  Strontium. 


Names. 


Nitrate  of  strontia 

Sulphate  of  strontia,  or 
Celestine 

Carbonate  of  strontia,  or 
Strontianite 


Composition. 


Strontia  (oxide  of  strontium) 

Nitric  acid, 

Water. 

Stronlia,  sulphuric  acid. 
Strontia,  carbonic  acid. 
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Nitrate  of  Strontia  forms  colourless  crystals,  which  arc 
easily  dissolved  by  water;  paper  dipped  into  the  solution 
and  held  in  the  margin  of  a  flame  (70)  will  colour  it  with 
flashes  of  crimson.* 

When  heated  in  a  dry  tube  (17),  nitrate  of  strontia  evolves 
water  and  brown  fumes  of  nitric  peroxide,  leaving  an  in- 
fusible residue  of  strontia.  Nitrate  of  strontia  which  has 
been  crystallized  by  boiling  down  its  solution,  contains  no 
water. 

Sulphate  of  Strontia,  being  insoluble  in  water  and  acids, 
will  not  be  considered  here. 

Carbonate  of  Strontia  is  usually  found  as  a  greenish 
mineral,  which  is  insoluble  in  water,  but  dissolves  in  hydro- 
chloric acid  with  effervescence.  Paper  dipped  into  the  solu- 
tion colours  flame  crimson*  (70). 

68-  Oxalate  of  Ammonia  also  forms  precipitates  in  solu- 
tions containing  barium  and  strontium,  so  that  it  can  never 
be  used  as  a  test  for  calcium,  unless  the  absence  of  those 
metals  has  been  previously  ascertained. 

69-  Metallic  Calcium  is  not  likely  to  be  met  with  in  or- 
dinary analysis ;  it  quickly  absorbs  oxygen  from  the  air,  and 
is  converted  into  lime. 


*  Some  care  is  requisite  to  avoid  mistaking  the  orange-red  tint  which 
calcium  imparts  to  flame,  for  the  crimson  of  strontium. 
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lime  compounds. 
Common  Compounds  of  Calcium. 


Names. 

Composition. 

Lime,  or  \ 
Quick  lime  j 

Calcium,  oxygen. 

Hydrate  of  lime,  or  ) 
Slaked  lime  j 

Lime,  water. 

Carbonate  of  lime,  or  "1 
Chalk      '  i 

Lime,  carbonic  acid. 

Sulphate  of  lime,  or  (_ 
Gypsum  ) 

Chloride  of  calcium 

Chloride  of  lime,  or  | 
Bleaching  powder,  or  > 
Hypochlorite  of  lime  ) 

Oxalate  of  lime 
Phosphate  of  lime 
Superphosphate  of  lime 
Fluoride  of  calcium 

Lime,  sulphuric  acid,  water. 

Calcium,  chlorine. 

1  Lime,  hypochlorous  acid, 
<  Chloride  of  calcium, 
(  Water. 

Lime,  oxalic  acid. 
Lime,  phosphoric  acid. 
Lime,  phosphoric  acid,  water. 
Calcium,  fluorine. 

Quiclc  Lime  is  a  greyish  white  earthy  solid,  wliicli  becomes 
hot  when  moistened  with  water,  and  crumbles  after  a  time 
to  a  white  powder  of  hydrate  of  lime. 

Hydrate  of  Lime  is  a  light  white  powder,  which  is  not 
visibly  dissolved  by  water,  but  dissolves  easily  in  hydro- 
chloric acid,  usuaUy  efEervescing  slightly,  from  the  presence 
of  a  little  carbonate  of  lime.  When  shaken  with  cold  water, 
and  filtered,  hydrate  of  lime  gives  a  solution  which  turns  red 
litmus  blue,  and  becomes  milky  when  shaken  in  a  test-tube 
which  has  been  breathed  into,  from  the  precipitation  of 

carbonate  of  lime. 

Lime-water  may  be  recognised  by  the  test  just  given. 

Carbonate  of  Lime  occurs  in  Nature  in  several  forms,  aU 
of  which,  however,  are  insoluble  in  water,  but  dissolve  easily 
in  hydrochloric  acid,  with  brisk  efEervescence  from  escape  of 
carbonic  acid. 

Limestone  and  Chalk,  which  are  the  most  impure  of  the 
natural  varieties,  generaUy  yield  a  slight  flocculent  precipitate 
of  alumina  when  their  hydrochloric  solution  is  tested  with 
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J  ammonia,  and  a  green  tinge,  from  the  presence  of  iron,  when 
isnlphide  of  ammonium  is  added  to  the  ammoniacal  liquid. 

Marble,  Iceland  Spar  and  prepared  chalk,  which  are  purer 
rforms  of  the  carbonate,  do  not  behave  in  the  same  way. 

Magnesian  Limestone,  or  Dolomite,  which  contains  the 
(carbonates  of  Hme  and  magnesia,  may  be  identified  by  dis- 
i  solving  it  in  diluted  hydrochloric  acid,  adding  chloride  of 
:  ammonium,  ammonia  and  carbonate  of  ammonia,  to  pre- 
>  cipitate  the  hme,  boiling,  filtering,  and  testing  the  solution 
ifor  magnesia  with  phosphate  of  soda,  after  proving,  by  the 
!  addition  of  oxalate  of  ammonia,  that  all  the  Hme  has  been 
•  separated. 

Sulphate  of  Lime  does  not  visibly  dissolve  in  water,  although 
i  if  the  solution  be  filtered,  a  small  quantity  of  the  salt  wiU  be 
I  i^und  in  solution.  The  sulphuric  acid  may  be  detected  by 
.  chloride  of  barium  (Table  H).  Hydrochloric  acid  dissolves 
1  it  to  a  greater  extent,  but,  unless  after  prolonged  boiling,  it 
;  might  easily  be  concluded  that  sulphate  of  hme  was  not  dis- 
;  solved  by  water  or  acids,  so  that  it  is  often  found  among 
:  substances  of  that  class  (Table  I). 

The  several  varieties  of  sulphate  of  lime  differ  considerably 
■  in  appearance. 

Gypsum  is  a  greyish  white,  opaque,  earthy,  brittle  mineral. 
Fibrous  gypsum  is  made  up  of  parallel  silky  fibres,  which 
are  white,  grey,  or  pink. 

Selenite  is  transparent,  or  nearly  so,  either  colourless,  or 
brownish  grey  in  colour,  and  easily  split  into  plates  with  a 
knife. 

Plaster  of  Paris  (calcined  gypsum)  is  a  fine  white  powder, 
which  sets  into  a  solid  mass  after  a  few  minutes,  if  mixed 
with  water  to  a  thin  paste. 

Chloride  of  Calcium  is  sold  in  three  forms.  The  crystal- 
lized chloride  forms  colourless  transparent  crystals  which 
rapidly  absorb  water  from  the  air,  and  are  extremely  soluble 
in  water.  Another  variety  is  the  porous  chloride,  form- 
ing a  white  or  greyish-white  porous  mass,  which  becomes 
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wet  (deliquesces)  very  rapidly  when  exposed  to  air,  and  dis- 
solves easily  iu  water.  The  fused  chloride  has  similar  pro- 
perties, but  is  a  grey  fibrous  crystalline  solid. 

The  chlorine   may  be   detected   by  nitrate  of  silver. 
(Table  H.) 

Chloride  of  Lime,  or  bleaching  powder,  is  a  white  earthy 
powder,  which  has  a  strong  smell  of  hypochlorous  acid,  re- 
sembling that  of  chlorine.  It  is  partly  dissolved  by  water, 
and  entirely  by  hydrochloric  acid,  with  effervescence,  evolving 
a  powerful  odour  of  chlorine.  Litmus  paper  is  at  once 
bleached  by  the  solution. 

Oxalate  of  Lime,  in  a  pure  state,  is  a  white  powder,  in- 
soluble in  water,  but  soluble  in  hydrochloric  acid.  The 
method  of  identifying  it  has  been  described  at  (58). 

Phosphate  and  Superphosphate  of  Lime  have  also  been  de* 

scribed  at  (56). 

Fluoride  of  Calcium  will  be  found  described  at  (59). 

70.  Coloured  Flame  Tesi.— Although  this  test  will  be 
more  fully  described  in  the  Exercises  with  the  Blowpipe,  it 
is  necessary  to  refer  to  it  here,  because  it  afEords  so  valuable 
a  confirmation  of  the  results  obtained  by  Hquid  tests  in 
Table  B. 

The  chlorides  of  the  metals  furnish  the  most  distmct 
coloured  flames,  since  they  are  more  easUy  vaporized  and 
mingled  with  the  gases  of  the  flame,  when  the  hydrogen 
abstracts  the  chlorine,  and  the  metallic 
Fig.  23.  vapour  burns  with   its  characteristic 

tint.  Hence  the  substance  to  be  tested 
should  be  dissolved,  if  possible,  in  hy- 
drochloric acid. 


The  best  flame  for  this  test  is  that  of 
a  Bunsen's  air-burner  (fig.  23) ;  but  if 
this  be  not  at  hand,  a  fair  substitute 
may  be  made  by  placing  a  small  glass 
funnel  (a,  fig.  24),  with  a  rather  wide  neck,  over  a  gas- 


Bunsen's  Burner. 
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burner,  as  shown  in  fig.  24,  ^■ 
where  (b)  is  one  of  the  flattened 
burners  often  employed  for 
blowpipe  experiments.  The 
funnel  is  placed  over  the  jet 
before  the  gas  is  lighted ;  the 
gas  is  thea  turned  on  to  a  mo- 
derate extent,  when  it  mixes 
with  the  air  passing  up  through 
the  fannel,  and  by  gradually  di- 
minishing the  supply  of  gas,  it 
may  be  made  to  burn  with  a 
nearly  non-luminous  flame,  in  the  margin  of  which  the  glass 
rod,  or  better,  platinum  wire  (74),  moistened  with  the  liquid 
under  examination,  should  be  held. 

If  a  round  gas  jet  (fig.  25)  be  employed,  the  funnel  must 
be  supported,  so  that  a  passage  for  air  may  be  left  between 
the  glass  and  the  jet. 


Fia.  25. 


Via.  26. 


A  spirit-lamp  (fig.  26)  may  be  used  when  gas  is  not 
attainable,  though  it  does  not  give  so  good  results  as  the  gas- 
flame. 

71.  Examples  for  Practice  in  Table  E. — The  following 
compounds  may  serve  as  exercises  in  this  Table  (10). 


Chloride  of  barium 
Nitrate  of  strontia 
Carbonate  of  baryta 


Chloride  of  calcium 

Carbonate  of  lime  (chalk  or  marble) 

Sulphate  of  lime  (plaster  of  Paris). 
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EXPLANATIONS  AND  INSTEUCTIONS  ON 
TABLE  p. 

73-  The  precipitation  of  potassium  with  tartaric  acid  or 
bichloride  of  platinum,  and  of  sodium  with  antimoniate  of 
potash,  is  more  readily  effected  by  stirring  on  a  slip  of  glass 
than  in  a  test  tube. 

Take  a  clean,  dry  slip  of  window-glass ;  dip  a  glass  rod  (6) 
into  the  solution  to  be  tested,  and  place  the  drop  so  with- 
drawn upon  the  slip  of  glass.  Wipe  the  rod  clean,  and  dip 
it  into  the  test,  placing  the  drop  withdrawn  by  the  side  of 
the  other;  notice  that 
both  drops  are  clean, 
and  stir  them  briskly 
together  with  the  end 
of  the  glass  rod,  but 
not  hard  enough  to 
scratch  the  glass  (fig. 
27).  The  precipi- 
tate will  then  be  deposited 
in  lines  (fig.  28)  upon  those 
parts  of  the  slip  of  glass 
which  have  been  rubbed 
by  the  rod. 

74.  The  platinum  wire  for  this  purpose  should  be  very 
thin,  so  that  one  inch  may  weigh  ^  grain.  A  piece  about 
three  inches  long  should  be  fixed  into  a  glass  handle,  which 
is  conveniently  made  by  softening  the  centre  of  a  narrow 
glass  tube  in  the  blowpipe  flame  (fig.  15),  drawing  it  out 

Pig.  29. 


to  a  narrow  neck  (fig.  19),  and  cutting  it  off  at  a  ;  the  plati- 
num wire  is  then  inserted  (fig.  29),  and  the  glass  fused  round 
it  by  a  gentle  heat. 
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AMMONIA  AND  ITS  COMPOUNDS. 


Since  all  platinum  wire  which  has  been  fingered  tinges 
flame  yellow  (sodium  having  been  derived  from  the  perspi- 
ration of  the  skin),  it  must  be  cleansed  before  use  by  holding 
it  in  the  margin  of  the  flame  until  a  yellow  tinge  is  no  longer 
visible. 

NOTES  TO  TABLE  P. 

75.  Ammonium  is  not  known  to  have  any  separate  ex- 
istence, but  it  is  often  very  convenient  to  represent  the 
nitrogen  and  hydrogen  in  the  salts  of  ammonia,  as  existing  m 
the  form  of  a  compound  metal,  capable  of  taking  the  same  part 
in  the  composition  of  those  salts  as  is  taken  by  potassium  and 
sodium  in  their  salts. 


Common  Compounds  of  Ammonia. 


Names.  Composition. 

Solution  of  ammonia,  or  ) 
Liquor  ammonias  ) 
Carbonate  of  ammonia 
Sulphate  of  ammonia 
Nitrate  of  ammonia 
Sulphide  of  ammonium 
Chloride  of  ammonium,  or  \ 
Sal-ammoniac  i 
Oxalate  of  ammonia 

,  .          .     f  Nitrogen, 

{wTer'^^y^-^-. 

Ammonia,  water,  carbonic  acid. 
Ammonia,  water,  sulphuric  acid. 
Ammonia,  water,  nitric  acid. 
Ammonia,  hydrosulphuric  acid. 

Ammonia,  hydrochloric  acid. 

Ammonia,  water,  oxalic  acid. 

Solution  of  Ammonia  has  the  strong  odour  of  hartshorn, 
does  not  efi'ervesce  with  dilute  hydrochloric  acid,  and  leaves 
no  residue  when  evaporated  on  a  slip  of  glass. 

Chloride  of  Ammonium,  or  muriate  of  ammonia,  or  hydro- 
chlorate  of  ammonia,  or  sal-ammoniac,  is  sold  either  in  white 
crystals  or  in  translucent  fibrous  masses,  usually  stained 
brown  in  places.  It  is  very  easily  dissolved  by  water.  It 
has  no  ammoniacal  smeU,  and  when  heated  on  a  knife  or  a 
slip  of  glass,  it  evaporates  in  -white  fames  without  melting. 
The  chlorine  may  be  detected  with  nitrate  of  silver. 
(Table  H.) 
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Carbonate  of  Ammonia,  or  sesquicarlonate  of  ammonia,  or 
Preston  salts,  has  a  powerful  odour  of  ammonia.  It  is 
usually  sold  in  white  opaque  lumps,  which  are  transparent 
when  freshly  prepared.  Carbonate  of  ammonia  dissolves 
easily  in  water,  yielding  a  solution  which  blues  red  litmus 
paper,  and  effervesces  violently  with  hydrochloric  acid,  in 
consequence  of  the  escape  of  carbonic  acid. 

Sulphate  of  Ammonia  forms  prismatic  crystals,  which  are 
colourless  when  pure,  but  in  their  impure  state  have  a 
brownish  colour.  It  dissolves  easily  in  water,  and  has  no 
ammoniacal  odour.  The  sulphuric  acid  may  be  detected  by 
chloride  of  barium,    (Table  H.) 

Nitrate  of  Ammonia  is  sold  either  in  colourless  crystals  or 
in  opaque  fused  masses.  It  does  not  smell  of  ammonia,  and 
becomes  damp  on  exposure  to  air ;  easily  soluble  in  water. 
When  heated  on  a  slip  of  glass,  it  melts  very  easily,  boils, 
and  passes  off  entirely  as  nitrous  oxide  gas  and  steam.  The 
nitric  acid  may  be  detected  as  in  Table  H. 

Sulphide  of  Ammonium,  or  hydrosulphate  of  ammonia,  is 
common  in  a  state  of  solution  only. 

The  solution  is  yelloiv  (though  colourless  when  quite 
freshly  prepared),  and  has  a  very  offensive  ammoniacal  smell, 
and  an  alkaline  reaction.  The  addition  of  hydrochloric  acid 
causes  a  milkiness,  due  to  the  precipitation  of  sulphur,  and 
an  escape  of  hydrosulphuric  acid,  recognised  by  its  odour. 

Oxalate  of  Ammonia  forms  shining,  white,  needle-like 
crystals,  which  are  free  from  ammoniacal  smell,  and  dissolve 
easily  in  water.  The  oxalic  acid  may  be  detected  according 
to  Table  H. 

76.  If  the  original  solution  be  alkaline  (changing  red 
litmus  to  blue),  care  must  be  taken  that  enough  tartaric  acid 
is  added  to  render  it  distinctly  acid ;  or  if  it  be  tested  with 
bichloride  of  platinum,  it  must  be  previously  acidified  with 
hydrochloric  acid. 

Should  the  original  solution  be  acid  (changing  blue  litmus 
to  red),  it  may  be  tested  with  bichloride  of  platinum  without 
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any  other  addition ;  but  before  testing  it  with  tartaric  acid,  it 
should  be  rendered  slightly  alkaline  with  carbonate  of  soda. 

77.  Metallic  Potassium  is  not  met  with  in  ordinary 
analysis.  It  is  oxidized  immediately  by  exposure  to  air, 
and  takes  fire  in  contact  with  water,  burning  with  a  violet 
flame. 


Common  Compounds  of  Potassium. 


Names. 

Compodtion. 

Nitrate  of  potash,  or  ( 
Saltpetre  I 

Carbonate  of  potash,  or  \ 
Pearlash  ) 

Bicarbonate  of  potash 
Sulphate  of  potash 
Bisulphate  of  potash 
Chloride  of  potassium 
Hydrate  of  potash 
Bitartrate  of  potash 
Chromate  of  potash  \ 
Bichromate  of  potash  J 
Chlorate  of  potash 

Ferrocyanide  of  potassium,  or  / 
Prussiate  of  potash  ) 
Ferridcyanide  of  potassium,  or  \ 
Ked  prussiate  of  potash  j 

Cyanide  of  potassium 

Iodide  of  potassium 
Acid  oxalate  of  potash 
Silicate  of  potash 
Soft  soap 

(  Ti  J.   t.  ^  Potassium, 

Oxygen. 
(  Nitric  acid. 

Potash,  carbonic  acid. 

Potash,  carbonic  acid,  water. 
Potash,  sulphuric  acid. 
"Potash,  sulphuric  acid,  water. 
Potassium,  chlorine. 
Potash,  water. 
Potash,  tartaric  acid,  water. 

Potash,  chromic  acid. 

Potash,  chloric  acid. 

(  -r^  i     ■                     f  Carbon, 
\  Potassium,  cyanogen  |  j^j^.^.^^^^ 

( Iron,  water. 

Potassium,  cyanogen,  iron. 

_  ,     .                    f  Carbon, 
Potassium,  cyanogen -j  i^it^ogen 

Potassium,  iodine. 
Potash,  oxalic  acid,  water. 
Potash,  silicic  acid. 
Potash,  oleic  acid,  water. 

Nitre,  or  nitrate  of  potash,  is  easily  soluble  in  water,  and 
readily  deposits  in  prismatic  crystals  from  a  hot  and  strong 
solution  allowed  to  cool. 

Placed  on  the  point  of  a  knife  and  held  in  the  margin  of 
a  flame  (70),  it  melts,  boils,  and  colours  the  flame  blue 
violet. 
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Pleated  in  a  dry  tube  (17),  it  easily  melts  to  a  clear  liquid, 
in  which  a  piece  of  wood  or  paper  burns  with  vivid  deflagra- 
tion. Brown  nitrous  fumes  may  afterwards  be  seen  and  smelt 
in  the  upper  part  of  the  tube. 

The  nitric  acid  may  be  detected  according  to  Table  H. 

Nitre  is  met  with  in  commerce  in  several  forms. 

The  grough,  or  impure  nitre,  as  imported  from  India,  con- 
sists of  small  brownish  irregular  crystals,  owing  its  colour  to 
the  presence  of  vegetable  matter  from  the  earth  out  of  which 
it  is  extracted. 

The  common  saltpetre  of  the  shops  forms  colourless  irre- 
gular crystalline  lumps. 

Eefined  saltpetre  forms  colourless  prismatic  crystals,  often 
marked  with  longitudinal  grooves,  or  else  a  pure  white  crys- 
talline powder  (saltpetre  flour). 

Sal  Prunelle  is  saltpetre  which  has  been  melted  and  cast- 
into  the  form  of  opaque  white  bullets. 

Chlorate  of  Potash  forms,  colourless  flat  crystals.  It  is  not 
easily  soluble  in  cold  water.  Hot  water  dissolves  it,  but 
readily  deposits  it  in  flat  crystals  on  cooling.  The  solution  of 
chlorate  of  potash  becomes  yellowish  and  emits  a  chlorous 
odour  when  mixed  with  hydrochloric  acid,  the  chloric  acid 
being  decomposed,  and  when  hydrosulphuric  acid  is  added  to 
the  acidified  solution,  a  white  milky  precipitate  of  sulphur  is 
obtained. 

Heated  in  a  dry  tube  (17),  it  easily  melts  to  a  clear  liquid, 
which  soon  boils  and  evolves  oxygen,  recognised  by  its  kind- 
ling into  a  blaze  a  spark  at  the  end  of  a  match  held  at  the 
mouth  of  the  tube. 

Carbonate  of  Potash  soon  becomes  damp  (deliquesces)  when 
exposed  to  air,  from  absorption  of  water.  It  dissolves  easily 
in  cold  water,  yielding  a  very  alkaline  solution  which  eifer- 
vesces  briskly  on  adding  hydrochloric  acid. 

The  carbonate  of  potash  which  is  known  as  American  Pot- 
ash, or  pearlash,  forms  bluish  white  half-fused  lumps.  Salt 
of  tartar  is  a  white  crystalline  powder. 


g2  POTASSIUM  COMPOUNDS. 

Bicarbonate  of  Potash  is  sold  either  in  transparent  pris- 
iTiatic  crystals,  or  as  a  white  powder.  It  does  not  dehquesce 
in  air,  dissolves  less  easily  in  cold  water  than  the  carbonate, 
and  the  solution  is  not  so  strongly  alkaline. 

When  the  solution  of  bicarbonate  of  potash  is  heated  to 
boiling,  it  effervesces  slowly,  from  the  escape  of  carbonic  acid 
If  solution  of  sulphate  of  magnesia  be  added  to  a  solution  of 
bicarbonate  of  potash  (prepared  with  cold  water  it  does  not 
produce  a  precipitate  until  the  solution  is  boiled,  whdst  the 
carbonate  of  potash  produces  a  precipitate  without  boilmg. 
Perchloride  of  mercury  does  not  produce  a  precipitate  imme- 
diately with  solution  of  the  bicarbonate,  but  it  gives  a  brown 
precipitate  at  once  with  the  carbonate.  _ 

Sulphate  of  Potash  forms  hard,  colourless,  prismatic  crys- 
tals, ihich  do  not  dissolve  very  quickly  m  cold  wa  er.  It 
doe  not  fuse  when  heated  on  a  slip  of  glass  or  a  knife-blad  . 

Bisulphate  of  Potash  is  usually  sold  as  a  crystalline  powder 
wHch  becomes  damp  when  exposed  to  air,  a^  ^issolv  s  easily 
I  water,  yielding  a  strongly  acid  solution.  When  heated  on  a 
slip  of  glass,  the  bisulphate  melts  easily,  and  gives  off  white 
fumes  of  sulphuric  acid. 

Chloride  of  Potassium  forms  white  cubical  crystals,  which 
crackle  (decrepitate)  when  heated  on  a  shp  of  glass,  and  dis- 
Tdve  very  easily  in  cold  water.  The  chlorine  may  be  detected 
bv  nitrate  of  silver  (Table  H).  .  n 

^Hydrate  of  Potash  (caustic  potash,  or  potassa  >.a)  is  sold 
eitSin  luipB  or  roLd  sticks  somewhat  resembhng  porce- 
and  gen  rally  cream-colom-ed (older  samples  have  ablue 
colour).  It  becomes  wet  almost  immediately  when  exposed 
to  a^r/and  dissolves  very  quickly  in  cold  water,  producmg 
much  heat,  and  a  strongly  alkaline  solution. 

^le  I  Jor  potass.,  or  solution  of  potash,  general  y  contams 
alSe  cJrbonL  of  potash,  but  itmay  be  — 
solution  of  that  salt  by  its  not  effervescing  with       fir^  ^  op 
or  two  of  hydrochloric  acid,  the  carbonic  acid  not  escapm. 
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until  the  whole  of  the  hydrate  of  potash  has  been  neu- 
tralized. 

Bitartrate  of  Potash,  or  Cream  of  Tartar,  is  soluble  with 
difficulty  in  cold  water,  but  dissolves  in  boiling  water,  and  is 
deposited  in  shining  crystals  on  cooling.  The  solution  red- 
dens blue  litmus  paper.  Hydrochloric  acid  easily  dissolves 
it.  When  heated  on  a  slip  of  glass,  or  the  blade  of  a  knife, 
bitartrate  of  potash  blackens,  from  the  separation  of  charcoal, 
and  emits  a  peculiar  odour  of  burnt  sugar,  due  to  the  decom- 
position of  the  tartaric  acid.  The  residue,  when  moistened 
with  water,  turns  red  litmus  blue,  and  effervesces  strongly 
with  hydrochloric  acid,  the  bitartrate  of  potash  having  been 
converted  into  carbonate. 

Cream  of  tartar  is  a  white  crystalline  powder. 

The  impure  Bitartrate  of  Potash,  known  as  Argol,  is  sold 
in  irregular  crystalline  lumps  of  a  brown  or  dark  purple 
colour,  derived  from  the  grape-juice  which  deposits  it.  Such 
Argol  often  contains  much  tartrate  of  lime.  Eefined  Argol 
forms  white  crystalline  lumps. 

Chromate  and  Bichromate  of  Potash  were  described  at  (61). 

Ferrocyanide  of  Potassium  is  sold  in  yellow  crystalline 
masses.  It  dissolves  easily  in  water  to  a  yellow  solution, 
which  becomes  blue  when  mixed  with  hydrochloric  acid  and 
warmed,  at  the  same  time  evolving  the  peculiar  odour  of 
prussic  acid.  Perchloride  of  iron  gives  a  dark-blue  preci- 
pitate of  Prussian  blue  with  the  solution  of  ferrocyanide  of 
potassium. 

Ferridcyanide,  or  Ferricyanide  of  Potassium,  forms  dark- 
red  prismatic  crystals,  which  dissolve  easily  in  water,  giving 
a  green  solution.  The  solution  gives  an  intensely  blue  pre- 
cipitate with  sulphate  of  iron. 

Cyanide  of  Potassium  is  sold  in  white  porcelain-like  masses, 
which  smell  of  prussic  acid,  and  slightly  of  ammonia,  re- 
sulting from  decomposition.  The  cyanide  soon  becomes 
damp  in  air,  and  dissolves  very  easily  in  cold  water.  The 
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solution  is  strongly  alkaline.  Commercial  cyanide  of  potas- 
sium always  contains  carbonate  and  cyanate  of  potash,  so 
that  it  eflfervesces  strongly  on  addition  of  hydrochloric  acid, 
evolving  a  powerful  odour  of  prussic  acid. 

The  cyanogen  may  be  detected  according  to  (98). 

Iodide  of  Potassium,  or  hydriodate  of  i^otash,  forms  white 
cubical  crystals,  often  brownish  after  exposure  to  the  air  of 
the  laboratory,  from  separation  of  a  little  iodine.  It  dissolves 
very  easily  in  cold  water.  If  the  solution  be  boiled  with  a 
little  nitric  acid,  it  evolves  violet  vapours  of  iodine. 

Acid  Oxalate  of  Potash,  or  salt  of  sorrel,  or  essential  salt 
of  lemons,  may  be  either  the  binoxalate  or  quadroxalate  of 
potash.  It  forms  hard  white  crystals,  not  easily  dissolved 
by  cold  water,  but  soluble  in  hot  water,  yielding  a  solution 
which  strongly  reddens  blue  Utmus.  Wlien  heated  on  a 
knife-blade  or  a  slip  of  glass,  the  oxalate  (is  not  blackened, 
like  the  bitartrate,  but)  is  converted  into  carbonate  of  potash, 
which  may  be  recognised  by  its  strongly  bluing  moistened 
red  litmus,  and  effervescing  when  moistened  with  hydro- 
chloric acid. 

Silicate  of  Potash,  or  Soluble  Glass,  is  sold  either  as  a 
gummy  liquid  or  in  fused  masses,  which  dissolve  slowly  in 
water.  The  solution  of  sUicate  of  potash  is  strongly  alkaline ; 
when  diluted  hydrochloric  acid  is  graduaUy  added  to  it,  slight 
effervescence  generally  takes  place,  from  the  presence  of  a 
little  carbonate  of  potash,  and  when  the  solution  is  nearly 
neutralized,  the  siUcic  acid  begins  to  separate  in  the  gela- 
tinous form,  especiaUy  on  heating,  sometimes  converting  the 
whole  solution  into  a  jeUy.  The  presence  of  silicic  acid  may 
be  established  beyond  doubt  according  to  (118). 

Soft  Soap,  or  Oleate  of  Potash,  is  know  by  its  peculiar 
appearance  and  smeU.  It  dissolves  in  water,  yielding  an 
alkaline  solution,  which  becomes  milky  with  diluted  hydro- 
chloric acid,  from  the  separation  of  oleic  acid.  On  boiling 
the  acidified  solution,  the  oleic  acid  collects  on  the  surface  as 
an  oily  layer. 
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7S.  Since  a  very  minute  quantity  of  sodium  will  impart 
a  distinct  yellow  colour  to  flame,  it  often  happens  that  a 
little  of  this  substance  present  as  an  impurity  is  regarded  by 
the  inexperienced  analyst  as  an  essential  constituent  of  the 
substance  under  examination.  To  avoid  error,  some  colla- 
teral evidence  must  be  sought  for.  Thus,  it  should  be 
ascertained  whether  the  substance  under  examination  pos- 
sesses the  characters  of  any  of  the  compounds  of  sodium 
described  in  (80). 

If  the  original  solution  be  neutral  or  alkaline  to  test- 
papers,  and  no  metal  has  been  found  by  the  application  of 
any  previous  tests,  then  it  may  be  inferred,  if  the  substance 
imparts  a  distinct  bright  yellow  colour  to  the  flame,  that 
sodium  is  an  essential  constituent  of  it. 

7Q.  If  this  solution  reddens  blue  litmus  paper,  it  must  be 
rendered  alkaline  by  adding  potash  tmtil  it  turns  red  litiuus 
paper  blue,  since  free  acids  cause  a  precipitate  of  antimonic 
acid  in  solution  of  antimoniate  of  potash. 

Although  this  is  a  very  excellent  test  for  sodium,  when 
the  solution  of  antimoniate  of  potash  is  freshly  prepared,  it 
does  not  answer  so  well  in  dilute  solutions  containing  sodium, 
if  the  antimoniate  has  been  kept  for  some  time  in  solution. 
Another  objection  to  the  test  is  the  circumstance  that  very 
small  quantities  of  lime,  and  some  other  bases,  Avill  give 
bulky  precipitates  with  the  antimoniate  of  potash,  altogether 
misleading  the  analyst. 

80.  Metallic  Sodium  is  a  soft  metal,  with  a  silvery  lustre 
when  freshly  cut,  but  tarnishing  with  extreme  rapidity  when 
exposed  to  air.  Thrown  upon  water,  it  fuses,  and  the  silvery 
globule  floats  over  the  surface,  emitting  a  hissing  sound,  from 
the  escape  of  hydrogen ;  on  applying  a  hght,  the  hydrogen 
burns  with  a  bright  yellow  flame. 
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caudonate  of  soda. 
Common  Compounds  of  Sodium. 


Names. 


Carbonate  of  soda 

Bicarbonate  of  soda 
Hydrate  of  soda,  or 
Caustic  soda 

Soda-ash 

Common  salt 
Sulphate  of  soda 
Nitrate  of  soda 
Sulphite  of  soda 
Hyposul])hite  of  soda 

Chloride  of  soda 

Phosphate  of  soda 
Arseniate  of  soda 
Biborale  of  soda,  or 
Burax 

Silicate  of  soda 
Tungstate  of  soda 
Soda-soap,  or 
Hard  soap 


} 


Composition. 


} 
} 


j  Soda  (oxide  of  sodium), 
\  Carbonic  acid. 
Soda,  carbonic  acid,  water. 

Soda,  water. 

(  Hydrate  of  soda, 
\  Carbonate  of  soda. 

Sodium,  chlorine. 

Soda,  sulphuric  acid. 

Soda,  nitric  acid. 

Soda,  sulphurous  acid,  water. 

Soda,  hyposulphurous  acid,  water. 
(  Hypochlorite  of  soda, 
\  Chloride  of  sodium,  water. 

Soda,  phosphoric  acid,  water. 

Soda,  arsenic  acid,  water. 

Soda,  boracic  acid,  water. 

Soda,  silicic  acid. 

Soda,  tungstic  acid. 
j  Soda,  stearic,  oleic,  or  palmitic 
\    acid,  water. 


Carbonate  of  Soda  dissolves  easily  in  water,  yielding  a 
strongly  alkaline  solution,  wtich  effervesces  strongly,  from 
escape  of  carbonic  acid,  wlien  liydrochloric  acid  is  added. 

Common  loashing-soda  is  crystallized  carbonate  of  soda, 
containing  nearly  two-thirds  of  its  weight  of  water.  The 
crystals  effloresce,  or  become  opaque  at  the  surface  when  ex- 
posed to  the  air,  from  loss  of  water.  When  heated  on  a 
knife  or  a  slip  of  glass,  crystallized  carbonate  of  soda  melts, 
boils,  evolves  much  steam,  and  leaves  a  white  dry  residue, 
which  requires  a  blowpipe-heat  to  fuse  it. 

The  carbonate  of  soda  in  powder,  which  is  sold  by  the 
druggist,  is  a  bicarbonate  of  soda,  which  is  less  easily  dis- 
solved by  water  than  the  true  carbonate ;  the  solution  is  not 
so  strongly  alkaline,  and  effervesces  when  boiled,  from  escape 
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of  carbonic  acid.  It  may  also  be  distinguished  from  the 
true  carbonate  by  testing  it  with  sulphate  of  magnesia,  and 
with  perchloride  of  mercury.    See  Bicarbonate  of  potash. 

Hydrate  of  Soda  or  Caustic  Soda  is  commonly  sold  in 
opaque  white  fused  masses  which  rapidly  absorb  moisture 
from  the  air.  It  dissolves  very  easily  in  water,  evolving  heat, 
and  yielding  a  very  strongly  alkaline  solution  which  elFer- 
vesces  very  slightly,  if  at  all,  with  hydrochloric  acid. 

Soda-Ash  is  a  mixture  of  carbonate  of  soda  and  hydrate  of 
soda,  which  has  the  appearance  of  earthy  lumps  or  coarse 
powder.  It  dissolves  in  water,  generally  leaving  a  slight 
flaky  residue  of  impurities,  including  some  particles  of  car- 
bonaceous matter.  Its  solution  does  not  effervesce  on  the 
addition  of  the  first  two  or  three  drops  of  hydrochloric  acid, 
these  being  neutralized  by  the  hydrate  of  soda,  but  a  further 
addition  of  the  acid  decomposes  the  carbonate  of  soda,  with 
effervescence.  The  solution  generally  contains  traces  of  alu- 
mina and  lime. 

Common  Salt  or  Chloride  of  Sodium  is  of  course  easily  re- 
cognised by  its  taste.  It  is  readily  soluble  in  cold  water. 
The  chlorine  may  be  detected  by  nitrate  of  silver  (Table  H). 

Sulphate  of  Soda  or  Glaubei'^s  Salt  is  usually  sold  in  trans- 
parent prismatic  crystals,  which  soon  become  opaque  (efflo- 
resce) when  exposed  to  the  air,  from  loss  of  water  of  crystal- 
lization. It  dissolves  easily  in  water.  The  sulphuric  acid 
may  be  detected  with  chloride  of  barium  (Table  H). 

Salt-cake  is  fused  sulphate  of  soda,  and  forms  opaque  white 
masses  which  are  much  less  pure  than  the  crystalline  sulphate, 
so  that  they  do  not  give  a  clear  solution  in  water,  and  the 
solution  is  acid,  from  the  presence  of  some  bisulphate  of  soda. 

Nitrate  of  Soda  or  Peruvian  or  Chili  Saltpetre^  or  cubic 
nitre,  forms  colourless  crystals;  the  crude  salt,  however,  is 
often  brown  or  grey.  It  becomes  moist  when  exposed  to  air, 
and  dissolves  very  easily  in  water.  Placed  on  the  point  of  a 
knife,  and  held  in  the  margin  of  a  flame,  it  colours  it  intensely 
yellow.    When  heated  in  a  dry  tube,  it  behaves  like  nitrate 
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SODIUM  COMPOUNDS. 


of  potash  (77).    The  nitric  acid  may  be  detected  according 
to  Table  H. 

Sulphite  of  Soda,  when  freshly  prepared,  forms  transparent 
crystals,  but  they  soon  become  opaque  at  the  surface  when 
exposed  to  air.  It  dissolves  easily  in  water,  yielding  a  solu- 
tion which  turns  red  litmus  paper  blue,  and  has  a  decidedly 
sulphurous  taste.  On  adding  diluted  hydrochloric  acid,  the 
solution  evolves  the  odour  of  sulphurous  acid,  and  hydro- 
sulphuric  acid  renders  the  acidified  solution  milky,  by  caus- 
ing the  separation  of  sulphur. 

Hyposutphite  of  Soda  forms  brilliant  transparent  crystals 
which  dissolve  very  easily  in  water.  On  adding  diluted 
hydrochloric  acid  to  the  solution,  it  slowly  becomes  milky 
and  acquires  a  yellow  colour,  from  the  separation  of  sulphur, 
the  odour  of  sulphurous  acid  being  perceptible  at  the  mouth 
of  the  tube. 

Hypochlorite  of  Soda  is  always  sold  in  solution,  under  the 
names  of  Chloride  of  Soda  and  Liquor  Sodce  Chlorinated.  It 
has  a  strong  smell  of  hypochlorous  acid  (somewhat  resembling 
that  of  chlorine).  On  adding  diluted  hydrochloric  acid,  it 
becomes  yellowish  and  evolves  a  powerful  odour  of  chlorine. 
Test-papers  are  at  once  bleached  by  the  acidified  liquid. 

Phosphate  of  Soda  (common  phosphate,  orthophosphate,  or 
rhombic  phosphate  of  soda)  forms  transparent  crystals,  which 
effioresce,  or  become  opaque  from  loss  of  water,  when  ex- 
posed to  the  air.  It  dissolves  easily  in  water,  and  the  solu- 
tion turns  red  litmus  paper  blue.  The  phosphoric  acid  may 
be  detected  according  to  Table  H. 

Arse7iiate  of  Soda  has  been  described  at  (35). 
Biborate  of  Soda  or  Borax  is  commonly  sold  either  as  a 
white  powder,  or  in  transparent  crystals  which  lose  water 
and  become  opaque  when  exposed  to  air.  It  dissolves  easily 
in  water,  and  the  solution  turns  red  htmus  paper  blue. 
When  heated  on  a  knife  or  a  slip  of  glass,  it  melts  and  swells 
up,  evolving  steam,  and  leaving  a  white  porous  mass.  The 
boracic  acid  may  be  detected  according  to  Table  H. 
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Glass  of  Borax  or  vitrified  borax  forms  transparent  or 
semi-transparent  glassy  masses,  wliich  are  dissolved  slowly 
even  by  boiling  water,  and  require  the  blowpipe-flame  to 
effect  their  fusion. 

Silicate  of  Soda  or  Soluble  Glass  is  generally  sold  as  a 
greyish  gummy  solution,  which  behaves  in  the  same  manner 
as  the  solution  of  silicate  of  potash  (p.  64). 

Tungstate  of  Soda  is  commonly  sold  in  opaque,  irregular 
crystals,  which  dissolve  easily  in  water,  yielding  an  alkaline 
solution,  which  gives  a  white  precipitate  of  tungstic  acid  on 
adding  diluted  hydrochloric  aoid ;  if  a  piece  of  zinc  be  placed 
in  the  solution  to  which  an  excess  of  hydrochloric  acid  has 
been  added,  a  beautiful  blue  oxide  of  tungsten  is  gradually 
formed. 

Soda-soap  is  soluble  in  warm  water,  giving  a  solution  which 
turns  red  litmus  paper  blue,  and  gives  a  white  precipitate  of 
stearic  acid  on  addition  of  hydrochloric  acid.  When  this 
precipitate  is  boiled  in  the  liquid,  it  collects  as  an  oily  layer 
upon  the  surface. 

8 1 .  Examples  for  Practice  in  Table  P.  — The  following 
substances  may  be  analysed  for  practice  (10)  : — 

Chloride  of  ammonium  Carbonate  of  soda 

Bicarbonate  of  potash  Carbonate  of  potash 

Chloride  of  sodium  Sulphate  of  soda 

Biborate  of  soda  Nitrate  of  potash. 
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EVAPORATION.      GAS  BURNERS. 


NOTES  TO  TABLES  G  AND  H. 

84.  To  evaporate  a  solution. — Pour  the  solution  into  an 
evaporating-dish  (a,  fig.  30),  supported  on  the  ring  of  a 
retort-stand  (b),  and  apply  a  moderate  heat. 

Fig.  30. 


Evaporation. 


If  the  residue  spirts  about  as  the  evaporation  draws  to  a 
close,  place  the  dish  upon  an  empty  metal  pot  (fig.  31)  to 
equalize  the  heat  over  its  under  surface,  and  let  it  remain 
there  till  thoroughly  dry. 

Gas-lamps  are  by  far  the  most  convenient  for  evaporating 
solutions. 

The  Argand  hwmer  (fig.  32)  is  one  of  the  best  for  general 
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use.  It  should  be  made  so  that  by  unscrewing  the  burner, 
a  plain  jet  (fig.  33)  for  blowpipe  experiments  may  be  ob- 


PiG.  33. 


tained.  A  brass  chimney  (c,  fig.  32)  may  be  made  to  drop 
loosely  over  the  burner,  resting  upon  its  shoulder  (a),  so  as  to 
give  more  heat  for  some  operations.  It  is  also  convenient  to 
have  a  brass  ring  (5),  holding  a  piece  of  iron  wire  gauze  (with 
about  400  meshes  to  the  square  inch)  which  may  be  dropped 
over  the  chimney  (fig.  34),  and  the  gas  lighted  above  it,  so 
as  to  obtain  the  very  hot  smokeless  flame  of  the  mixture  of 
gas  and  air.  It  is  not  advisable,  however,  to  use  this  flame 
for  small  evaporations,  since  it  over -heats  the  sides  of  the 
dish  and  cracks  it. 


Fig.  31.  Fig.  35. 


Gauze  burner.  Bunsen's  Burner. 


The  Bunsen's  burner  (fig.  35)  furnishes  a  very  hot  smoke- 
less flame,  produced  by  the  admixture  of  air  with  the 
gas.  A  burner  on  the  same  principle  may  be  extemporized 
with  a  glass  funnel  and  a  plain  gas-burner,  as  described 
at  (70). 
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Where  gas  is  not  to  be  ob- 
tained, a  spirit-lamp  (fig.  36) 
may  be  used  for  evaporation,  or 
even  a  common  candle-flame,  if 
the  dish  be  supported  at  some 
little  distance  above  the  flame  so 
that  it  may  not  be  smoked. 

85-  An  organic  substance  is 
a  substance  of  animal  or  vege- 
table origin ;    such  substances 
commonly  carbonize  when  heated  (17). 

86.  Since  the  action  of  sulphuric  acid  upon  some 
substances  is  very  violent,  care  is  requisite  in  this  ex- 
periment;  the  test-tube  should  not  be  held  near  the  face, 
and  a  small  quantity  of  the  substance  should  be  em- 
ployed. 

87.  Hydrochloric  and  hydrofluoric  acid  gases  are  per- 
fectly transparent  in  the  test-tube,  but  as  soon  as  they  escape 
into  the  air,  they  attract  particles  of  moisture,  in  company 
with  which  they  condense  into  clouds.  Hydrobromic  and 
hydriodic  acid  gases  also  yield  clouds  in  moist  air,  but  they 
are  generally  accompanied  by  the  brown  vapour  of  bromine 
or  the  violet  vapour  of  iodine. 

88.  The  presence  of  fluorine  in  a  substance  (giving  rise 
to  the  evolution  of  hydrofluoric  acid)  may  be  confirmed  by 
placing  a  little  of  it  upon  a  slip  of  glass,  moistening  it  with 
strong  sulphuric  acid,  and  warming  it  gently  for  a  minute  or 
two.  After  cooling,  the  slip  of  glass  is  thoroughly  washed, 
wiped  dry,  and  held  so  that  the  eye  may  glance  over  its 
polished  surface,  when  the  spot  previously  occupied  by  the 
substance  will  be  found  to  have  entirely  lost  its  polish  if 
fluorine  be  present. 

The  action  of  hydrofluoric  acid  upon  the  silica  contained 
in  glass,  results  in  the  formation  of  fluoride  of  silicon  gas 
which  is  decomposed  when  brought  into  contact  with  water, 
depositing  opaque  silica. 
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89.  If  fluorine  be  detected,  the  particular  form  in  which 
it  is  present  remains  to  be  decided. 

Uncombined  Fluorine,  if  known  at  all,  exists  only  in  the 
state  of  gas. 

Hydrofluoric  Acid  never  occurs  in  the  solid  state.  The 
commercial  acid  is  a  solution  in  water,  always  known  by  its 
pungent  odour  and  corrosive  action  on  glass. 

The  only  compounds  of  fluorine  which  are  at  all  common, 
are — 

Fluor-spar,  composed  of  fluorine  and  calcium. 

Kryolite,  which  contains  fluorine,  aluminum,  and  sodium. 

Fluor  Spar  or  Fluoride  of  Calcium  has  been  described 
at  (59). 

Kryolite  is  a  white  opaque  mineral,  generally  in  rectangular 
masses.  It  is  insoluble  in  water,  and  but  slightly  attacked 
by  hydrochloric  or  nitric  acid.  The  powdered  mineral, 
moistened  with  hydrochloric  acid  and  exposed  on  a  clean 
platinum  wire  (74),  colours  the  flame  intensely  yellow. 

When  heated  with  strong  sulphuric  acid,  kryolite  is  dis- 
solved ;  if  the  solution  be  further  heated,  it  becomes  milky, 
but  the  milkiness  disappears,  if  the  acid  liquid,  after  cooling, 
is  mixed  with  much  water  and  boiled. 

80-  Solid  chlorates  become  yellow  or  red  when  moistened 
with  concentrated  sulphuric  acid,  and  slowly  evolve,  even  in  the 
cold,  a  yellow  gas  (chloric  peroxide)  resulting  from  the  decom- 
position of  the  chloric  acid,  and  having  a  very  peculiar  odour. 

Great  care  is  necessary  in  applying  heat,  since  the  explo- 
sive decomposition  of  the  chloric  peroxide  sometimes  shatters 
the  tube. 

The  only  chlorates  which  are  at  all  common,  are  those  of 
potash  and  baryta,  which  have  been  described  at  (77)  and 
(65)  respectively. 

31.  Hypochlorous  Acid  itself  exists  either  as  a  yellow 
explosive  gas,  or  an  aqueous  solution  of  strong  chlorous 
odour  and  great  bleaching  power. 
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Solutions  of  tlie  hypochlorites  give  a  dark  brown  pre- 
cipitate of  binoxide  of  manganese  on  adding  sulphate  ol' 
manganese. 

The  only  hj-pochlorite  commonly  met  with  in  the  solid 
state,  is  the  Hypochlorite  of  Lime,  which  occurs  in  the  com- 
mon Chloride  of  Lime  of  commerce,  described  at  p.  5-4, 

Hifpochlorite  of  Soda  exists  in  the  Chloride  of  Soda,  which 
is  sold  only  in  solution,  and  is  described  at  p.  G8. 

02.  To  be  sure  of  the  presence  of  iodine,  add  to  a  solu- 
tion of  the  substance  to  be  tested  a  few  drops  of  thin  starch 
(made  by  mixing  50  gi-ains  of  white  starch  witli  a  little  cold 
distilled  Avater,  and  pouring  it  gradually  into,  half  a  pint  of 
boiling  water)  and  a  little  yellow  concentrated  nitric  acid ; 
the  nitrous  acid  present  in  this  will  liberate  the  iodine,  Avhich 
coloui'S  the  starch  blue. 

93.  Uncombincd  Iodine  is  met  with  in  shining  black  scales 
which  have  a  peculiar  odour  someAvhat  resembling  chlorine. 
It  stains  the  fingers  brown,  and  is  converted  into  a  splendid 
violet  vapour  when  heated. 

The  only  iodides  likely  to  be  met  with  in  ordinary  analysis 
are  those  of  jioiassium  (77),  iron  (-1:5),  lead  (14),  mercury 
(31),  and  arsenic  (35). 

34.  To  recognise  the  carbonic  acid  gas,  dip  a  glass  rod 
into  lime  water,  and  introduce  it,  with  the  clear  drop  of 
lime-water  suspended  from  it,  into  tlie  mouth  of  the  test- 
tube,  when  the  drop  will  immediately  become  coated  -with  an 
opaque  film  of  carbonate  of  lime,  which  will  disappear  again 
if  exposed  for  some  time  to  the  action  of  the  gas. 

95.  Uncomhined  Carbonic  Acid  is  met  Avith  in  ordinary 
analysis,  either  in  the  state  of  gas,  or  dissolved  in  water,  and 
may  be  recognised  by  its  faint  odour,  its  feebly  reddening 
blue  litmus  paper,  and  its  causing  a  mUky  precipitate  with 
lime-water,  which  disappears  when  the  acid  is  added  in 
excess. 

The  carbonates  most  commonly  met  with  are  those  of  lime 
(69),  soda  (80),  potash  (77),  ammonia  (75),  baryta  (65), 
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magnesia  (9),  iron  (45),  zinc  (53),  lead  (14),  and  cop- 
per (27). 

96.  To  be  sure  of  the  presence  of  Hydrosulphuric  acid, 
spot  a  piece  of  filter-paper  with  solution  of  acetate  of  lead 
or  nitrate  of  silver,  which  will  be  blackened  when  exposed  to 
the  action  of  that  gas. 

97.  Hydrosulphuric  Acid  itself  is  met  with  in  analysis, 
either  in  the  form  of  gas  or  of  a  solution  in  water,  which  smells 
of  the  gas  and  blackens  acetate  of  lead  and  nitrate  of  silver. 

Many  of  the  sulphides  evolve  hydrosulphuric  acid  when 
they  are  heated  Avith  hydrochloric  acid.  The  most  important 
are  those  of  iron  (45),  antimony  (39),  ammonixmi  (75),  lead 
(^14),  2}0tassium,  and  calcium. 

Sulphide  of  Potassium  is  generally  in  brown  fragments, 
which  easily  become  moist  on  exposure  to  air,  and  smell 
strongly  of  hydrosulphuric  acid.  It  dissolves  easily  in  water, 
and  the  solution  generally  becomes  milky  when  mixed  with 
hydrochloric  acid,  from  the  deposition  of  a  little  sulphur,  due 
to  the  presence  either  of  bisulphide  of  potassium  or  of  hypo- 
sulphite of  potash. 

Sulphide  of  Calcium  occurs  in  the  soda-waste  of  the  alkali- 
works,  as  a  nearly  black  substance,  partly  dissolved  by  boiling 
Avater,  yielding '  an  alkaline  solution.  Dilute  hydrochloric 
acid  does  not  entirely  dissolve  it,  but  leaves  a  dark  residue 
containing  carbonaceous  particles. 

98.  To  acquire  familiarity  with  the  odour  of  hydrocyanic 
(prussic)  acid,  heat  a  little  solution  of  ferrocyanide  of  potassium 
(yellow  prussiate  of  potash)  with  dilute  sulphuric  acid,  when 
pure  hydrocyanic  acid  will  be  evolvfed. 

In  order  to  be  sure  of  the  presence  of  hydrocyanic  acid, 
add  to  a  solution  of  the  substance  a  few  drops  of  solution  of 
sulphate  of  iron  and  a  slight  excess  of  potash  ;  shake  the 
precipitate  for  a  few  moments  with  the  air  in  the  tube,  and 
add  an  excess  of  hydrochloric  acid,  when  a  blue  precipitate, 
or  a  decided  blue  or  green  colour  pervading  the  liquid,  will 
indicate  the  presence  of  hydrocyanic  acid  or  of  a  cyanide. 
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In  this  test,  the  ferrous  oxide  and  the  potash  acting  upon 
the  hydrocyanic  acid,  produce  ferrocyanide  of  potassium ; 
when  the  hydrochloric  acid  is  added,  it  dissolves  the  ferric 
oxide  produced  by  the  action  of  the  air,  and  the  ferric 
chloride  so  produced,  coming  into  contact  with  the  ferro- 
cyanide of  potassium,  produces  ferrocyanide  of  iron  or  Prus- 
sian blue. 

If  the  cyanogen  were  originally  present  as  a  ferrocyanide 
or  a  ferridcyanide,  the  sulphate  of  iron  would  at  once  pro- 
duce, in  the  former  case,  a  comparatively  light  blue  preci- 
pitate, in  the  latter,  a  dark  blue. 

99.  Hydrocyanic  Acid  itself  is  met  with  in  aqueous  solu- 
tion only,  recognisable  by  its  odour,  its  very  faintly  redden- 
ing blue  litmus  paper,  and  by  the  above  test. 

The  principal  compounds  of  cyanogen,  which  evolve  the 
odour  of  hydrocyanic  acid  when  they  are  heated  with 
hydrochloric  acid,  are  cyanide  of  potassium  (77),  ferro- 
cyanide {77),  and  ferridcyanide  (77)  of  potassium,  sulplio- 
cyanide  of  potassium,  cyanide  of  mercury  {^l),  fulminate  of 
mercury. 

Sulphocyanide  of  Potassium  (composed  of  potassium,  sul- 
phur, carbon  and  nitrogen)  forms  white  needle-like  crystals, 
which  become  moist  in  the  air  and  dissolve  very  easily  in 
water.  Perchloride  of  iron  added  to  the  solution  gives  a 
deep  blood-red  colour. 

Fulminate  of  Mercury  (composed  of  mercury,  carbon, 
nitrogen  and  oxygen)  is  met  with  as  a  greyish  crystalline 
powder  which  is  easily  exploded  by  friction  or  percussion. 
If  placed  on  a  slip  of  glas^  and  touched  with  a  lighted  match, 
it  burns  rapidly  with  a  bright  flash,  and  coats  the  glass  with 
metallic  mercury.  It  is  sparingly  dissolved  by  boiling  water, 
but  is  readily  soluble  in  hydrochloric  acid. 

Cyanide  of  Mercui^  has  been  already  noticed  at  (31). 

Since  potash  does  not  decompose  the  cyanide  of  mercury, 
it  is  necessary,  before  applying  the  Prussian  blue  test  de- 
scribed above,  to  separate  the  mercury  by  slightly  acidulatiag 
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the  solution  with  hydrochloric  acid,  and  introducing  a  piece 
of  zinc  ;  in  the  course  of  a  few  minutes  the  solution  may  be 
poured  off  and  tested  with  sulphate  of  iron,  potash,  and 
hydrochloric  acid,  as  above  directed. 

100-  If  there  be  any  doubt  whether  the  odour  is  that  of 
sulphurous  acid,  place  a  piece  of  zinc  in  the  acid  liquid,  when 
the  hydrogen  which  is  disengaged  by  its  action  upon  the 
hydrochloric  acid  will  convert  the  sulphurous  into  hydro- 
sulphuric  acid,  which  may  be  recognised  by  its  odour  and 
by  its  blackening  paper  spotted  with  solution  of  acetate  of 
lead  or  nitrate  of  silver. 

Sulphurous  Acid  itself  is  met  with  either  as  a  gas  or  a 
solution  in  water  always  recognisable  by  its  odour.  The 
principal  commercial  salt  of  sulphurous  acid,  the  sulphite  of 
soda,  has  been  described  at  p.  68. 

Hyposulphurous  Acid  is  not  known  to  exist  in  an  uncom- 
bined  state.  Its  only  common  form  of  combination,  the 
hyposulphite  of  soda,  has  been  described  at  p.  68. 

101-  Small  quantities  of  sulphuric  acid  (in  the  form  of 
sulphates)  are  very  commonly  found  as  an  impurity  in  com- 
mercial salts,  so  that  if  this  precipitate  be  scanty,  the  analyst 
must  hesitate  before  pronouncing  sulphuric  acid  to  be  an 
essential  constituent  of  the  salt. 

102-  Sidj)huric  Acid  itself  (sulphuric  anhydride)  is  not 
commonly  met  with  except  in  combination  with  watei'. 

Hydrated  Sulphuric  Acid  or  Oil  of  Vitriol  is  a  heavy,  oily 
liquid  which  has  usually  a  brownish  colour  due  to  the  pre- 
sence of  organic  matter.  If  it  be  poured  into  a  little  water 
in  a  test-tube,  much  heat  is  developed. 

The  Nordhausen  or  Saxon  Sulphuric  Acid  emits  white 
clouds  when  the  bottle  is  opened,  and  hisses  slightly  when 
poured  into  water. 

Diluted  Sulphuric  Acid  strongly  reddens  blue  litmus  paper. 
If  a  piece  of  white  paper  be  moistened  with  it,  and  dried  at 
a  gentle  heat,  it  assumes  an  intensely  black  colour,  the  paper 
being  carbonized  by  the  acid. 
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The  numerous  salts  of  sulphuric  acid  or  sulphates  have 
been  described  in  the  notes  referring  to  their  respective 
metals. 

103-  If  possible,  the  precipitate  prodviced  by  nitrate  of 
silver  should  be  allowed  to  settle,  and  the  liquid  should  be 
poured  off  before  boiling  the  precipitate  with  nitric  acid. 

Cold  nitric  acid  dissolves  all  the  common  precipitates  pro- 
duced by  nitrate  of  silver,  except  the  chloride,  sulphide  and 
cyanide,  the  two  latter  requiring  to  be  boiled  with  the  acid. 

Cyanide  of  silver,  when  washed  ( 1 6),  is  dissolved  by  heating 
with  solution  of  potash,  which  converts  chloride  of  silver 
into  the  brown  oxide  of  silver,  but  does  not  dissolve  it. 

Several  other  less  common  silver  precipitates,  however, 
are  also  insoluble  in  nitric  acid,  such  as  iodide  (yellow), 
bromide,  ferrocyanide,  ferridcyanide  (brown  red),  and  sul- 
phocyanide  of  silver. 

If  the  washed  silver  precipitate  be  shaken  with  ammonia, 
the  iodide  (whitened  by  the  ammonia)  and  ferrocyanide  are 
undissolved,  whilst  the  others  are  dissolved  by  ammonia.^  ^ 

104.  Since  chlorides  are  commonly  found  as  impurities 
in  commercial  salts,  and  small  quantities  give  a  comparatively 
large  precipitate  with  nitrate  of  silver,  great  care  is  requisite 
before,  concluding  that  the  substance  under  examination  is 
really  a  chloride. 

The  presence  of  a  chloride  may  be  confirmed  by  heatirg 
the  original  substance  with  dilute  sulphuric  acid  and  black 
oxide  of  manganese,  when  chlorine  gas  wUl  be  evolved, 
which  may  be  recognised  by  its  odour  and  by  its  bleaching 
moistened  litmus  paper.* 


*  Corrosive  sublimate  (mercuric  chloride)  evolves  very  little  chlorine 
when  heated  with  diluted  sulphuric  acid  and  black  oxide  of  manganese. 
Tnd  does  not  evolve  hydrochloric  acid  when  heated  with  strong  sul- 
phuric  acid. 


HYDROCHLORIC  ACID.  CHLORIDES. 


81 


Bromides  would  evolve  brown  vapours  of  bromine  having 
an  intolerable  odour  and  imparting  an  orange  colour  to 
moist  starch. 

Iodides  would  give  violet  vapours  of  iodine  turning  moist 
starch  blue. 

105-  Uncombined  Hydrochloric  Acid  is  usually  met  with 
in  a  state  of  solution  in  water.  Concentrated  hydrochloric 
acid,  if  pure,  is  colourless,  but  the  common  acid  has  a  yellow 
colour  due  to  iron.  It  fumes  strongly  in  damp  air,  and  has  a 
peculiar  suffocating  odour.  When  heated  with  black  oxide 
of  manganese,  it  evolves  abundance  of  chlorine,  distinguished 
by  its  irritating  odour  and  its  powerful  bleaching  effect  upon 
moist  litmus  paper.  Diluted  hydrochloric  acid  does  not  fume 
in  air,  but  also  evolves  chlorine  when  heated  with  black  oxide 
of  manganese. 

The  Chlorides,  which  are  precipitated  by  nitrate  of  silver 
just  as  hydrochloric  acid  would  be,  have  been  noticed  under 
their  respective  metals. 

106-  For  a  test  to  confirm  the  presence  of  hydriodic  acid, 
see  (92). 

Hydriodic  Acid  in  the  free  state  is  not  commonly  met  with.. 
The  iodides,  which  behave  with  nitrate  of  silver  just  like  hydri- 
odic acid,  have  been  described,  when  of  sufficient  importance, 
under  their  respective  metals. 

107.  This  test  must  be  applied  to  a  cold  solution,  and 
the  sulphuric  acid  must  be  poured  slowly  in,  so  that  the  bulk 
of  it  may  sink  to  the  bottom  of  the  tube,  for  if  much  heat  be 
produced  by  its  mixing  with  the  water,  the  brown  compound 
indicative  of  nitric  acid  will  be  decomposed.  This  brown 
compound  contains  sulphate  of  iron,  in  combination  with 
nitric  oxide  which  has  been  formed  by  the  abstraction  of 
oxygen  from  the  nitric  acid,  in  order  to  convert  another  part 
of  the  sulphate  of  iron  (ferrous  sulphate)  into  the  persulphate 
(ferric  sulphate). 

108.  If  additional  evidence  of  the  presence  of  nitric  acid 
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be'  leqtiired,  the  original  substance,  or  even  the  solution, 
when  cold,  may  be  mixed  with  about  an  equal  volume  of  con- 
centrated sulphxiric  acid,  a  few  copper  filings  or  cUppings 
added,  and  heat  applied,  when  brown  fumes  of  nitric  peroxide 
will  be  produced  by  the  deoxidizing  effect  of  the  copper  upon 
the  nitric  acid  liberated  by  the  sulphuric  acid.* 

109.  Nitric  Acid  itself  (nitric  anhydride)  is  extremely 
uncommon,  except  in  combination  with  water. 

Concentrated  Nitric  Acid,  when  perfectly  pure,  is  colour- 
less but  it  generally  has  a  yellow  colour  caused  by  the  pre- 
sence of  nitric  peroxide.  It  ftimes  in  air,  stains  the  skm 
yellow,  and  when  poured  upon  copper  or  zinc,  causes  violent 
effervescence  and  disengagement  of  red  fumes. 

The  Nitrous  Acid  of  commerce  is  concentrated  nitric  acid 
containing  a  larger  proportion  of  nitric  peroxide  which  imparts 
to  it  an  orange-red  colour.  Some  specimens  of  strong  nitric 
acid  have  a  green  colour,  caused  by  the  presence  of  nitrous 

^""^ Diluted  Nitric  Acid  {Aqua  Fortis)  of  course  reddens  litmus 
very  strongly,  and  acts  upon  copper  or  zinc  m  the  same 
manner  as  the  concentrated  acid,  but  with  less  violence. 

The  salts  formed  by.  nitric  acid,  or  rdtrates,  have  been  de- 
scribed, when  important,  in  the  notes  relating  to  the  indi- 
vidual metals.  ,        n  t  /iq\ 

1  lO  If  the  original  solution  is  neutral  or  alkahne  (18), 
it  is  not  necessary  to  add  ammonia  and  acetic  acid  but  if  it 
be  acid  to  test-paper,  the  free  acid  may  prevent  the  forma- 
tion of  a  precipitate  with  perchloride  of  iron  or  with  chloride 
of  calcium,  so  that  it  must  be  neutralized  with  ammonia, 
which  may  be  added  tiU  the  Hquid  smeUs  slightly  of  it,  even 
after  being  shaken  with  the  thumb  on  the  top  of  the  tube ; 
acetic  acid  may  be  added  till  the  smell  of  ammoma  is  no 

*  The  nitrites  or  salts  of  nitrous  acid,  evolve  brown  vapours  when 
treated  iiTh  Shuric  acid  in  the  cold,  and  give  a  brown  solution  with 
sulphate  of  iron  and  diluted  sulphuric  acid. 
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longer  perceptible  after  shaking.  The  solution  is  then  divided 
into  two  parts  and  examined  as  in  the  Table. 

1 1 1 .  A  single  drop  of  perchloride  of  iron  is  here  recom- 
mended, because  the  precipitate  of  phosphate  of  iron  (ferric 
phosphate)  is  soluble  in  an  excess  of  the  perchloride. 

The  most  delicate  test  for  phosphoric  acid  is  molyhdate  of 
ammonia,  which  produces,  in  the  solution  acidulated  with 
nitric  acid  (and  free  from  hydrochloric  acid),  especially  on 
heating,  a  yellow  precipitate  containing  phosphoric  and 
molybdic  acids,  and  ammonia. 

112.  Phosi^horic  Aciditseli (phosphoric  anhydride)  is  not 
commonly  met  with,  because  it  cannot  be  exposed  to  air 
without  absorbing  moisture  and  liquefying  to  a  solution  of 
phosphoric  acid.  The  ordinary  solution  of  phosphoric  acid 
is  a  colourless  liquid  which  strongly  reddens  blue  litmus 
paper.  If  it  be  mixed  with  a  slight  excess  of  ammonia,  and 
with  a  solution  of  sulphate  of  magnesia  to  which  chloride  of 
ammonium  and  ammonia  have  been  added,  a  white  granular 
precipitate  of  phosphate  of  magnesia  and  ammonia  is  pro- 
duced, the  formation  of  which  is  much  promoted  by  stirring 
the  liquid  (6). 

Glacial  Phosphoric  Acid  (or  metaphosphoric  acid)  forms 
transparent  colourless  masses  which  easily  absorb  water  from 
the  air.  It  dissolves  in  cold  water,  and  the  solution  gives  a 
white  precipitate  with  nitrate  of  silver.  If  the  solution  of 
the  acid  in  water  be  boiled  for  some  time,  it  is  no  longer  pre- 
cipitated by  nitrate  of  silver,  unless  a  very  little  ammonia  is 
added,  when  it  gives  a  yellow  precipitate,  the  metaphosphoric 
acid  having  been  converted  into  orthophosphoric  or  tribasic 
phosphoric  acid  by  boiling  with  water. 

Phosphoric  acid  might  be  fou.nd  in  a  solution  prepared 
with  nitric  acid,  as  a  result  of  the  oxidation  of  phosphorus. 

Ordinary  {vitreous)  phosphorus  is  easily  recognised  by  its 
inflaming  when  rubbed  or  gently  heated,  when  it  burns  with 
a  bright  flame  emitting  thick  clouds  of  anhydrous  phosphoric 
acid. 
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Amorplwus  or  red  phosphorus  does  not  inflame^  whea 
rubbed,  and  requires  a  higber  temperature  to  inliame  it  tban 
ordinary  phosphorus.  When  heated  in  a  smaU  tube  closed 
at  one  end  (17)  it  is  converted  into  vapour  which  condenses 
into  drops  of  ordinary  phosphorus  on  the  cool  sides  of  the  tube. 

Phosphate  of  Soda  has  been  described  at  (p.  G8). 

The  presence  of  phosphoric  acid  in  the  phosphate  of  soda 
may  be  confirmed  by  mixing  the  solution  with  ammoma  and 
testing  with  the  mixture  of  sulphate  of  magnesia,  chloride  of 
ammonium,  and  ammonia. 

The  solution  of  phosphate  of  soda  gives,  with  nitrate  of 
baryta,  a  white  precipitate  which  is  dissolved  by  dilute  nitnc 

''with  nitrate  of  silver,  it  gives  a  yeUow  precipitate,  soluble 

.'^Irtni'f 'of  Boda,  which  much  resembles  the  phosphate 
(p.  28),  gives  a  red  precipitate  with  nitrate  of  silver. 

Phosphate  of  Soda  and  Ammonia,  or  nucrocosmic  salt  or 
phosphorus  salt,  forms  colourless  crystals  which  dissolve  in 
water  yielding  a  solution  which  blues  red  litmus 

With  nitrat'e  of  baryta  and  nitrate  of  silver,  the  solution 
behaves  like  phosphate  of  soda. 

with  sdpiate  of  magnesia,  especiaUy  on  stanrmg,  «  peldB 
the  precipitate  of  phosphate  of  magnesia  and  ammoma 

men  mieroeosmio  salt  is  heated  in  a  dry  tube  (17), 
fnsi  easily,  boils,  evolves  mueh  steam  and  ammoma  (de- 
Sld  bySs  odoir),  leaving  a  transparent  glass  of  meta- 

and^»,e^;.o».'.<.'-/«»  ^-been 

oonfirm^the  indication  of  the  presence  of  pJjosphorio 
Jd  in  ;ese  salts,  their  solutions  may  ^ 
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and  tested  with  the  mixture  of  sulphate  of  magnesia  witli 
chloride  of  ammonium  and  ammonia. 

K  phosphate  of  lime  be  made  into  a  paste  with  concen- 
trated sulphuric  acid,  and  exposed  on  a  platinum  wire,  in 
the  margin  of  a  flame  (70),  the  greenish  flame  of  phosphorus 
will  be  perceived  in  the  dark. 

PJios2)hate  of  Magnesia  and  Ammonia,  or  triple  2Jhospliate, 
is  a  white  crystalline  powder,  which  is  insoluble  in  water,  but 
dissolves  easily  in  hydrochloric  acid.  If  the  hydrochloric 
solution  be  largely  diluted  with  water,  mixed  with  ammonia 
in  excess,  and  stirred  with  a  glass  rod,  the  phosphate  is  re- 
precipitated  in  a  granular  form,  especially  upon  the  lines  of 
friction  made  by  the  glass  rod. 

The  phosphate  of  magnesia  and  ammonia  evolves  ammonia 
Avhen  boiled  with  potash. 

Phosphate  of  Alumina  is  insoluble  in  water,  but  dissolves 
in  hydrochloric  acid.  Potash  precipitates  it  from  this  solu- 
tion, but  an  excess  of  potash  redissolves  it.  Ammonia  also 
precipitates,  but  does  not  redissolve  it. 

If  the  solution  of  phosphate  of  alumina  in  hydrochloric 
acid  be  mixed  with  a  solution  of  tartaric  acid,  and  afterwards 
with  an  excess  of  ammonia,  the  solution  will  remain  clear, 
and  the  phosphoric  acid  may  be  detected  by  the  mixture  of 
sulphate  of  magnesia  with  chloride  of  ammonium  and  am- 
monia (112). 

"With  strong  sulphuric  acid,  in  a  flame,  phosphate  of  alumina 
behaves  like  phosphate  of  lime. 

Phosphate  of  Iron  is  insoluble  in  water,  but  soluble  in 
hydrochloric  acid,  giving  a  yellow  solution.  On  mixing  this 
with  acetate  of  ammonia  (prepared  by  mixing  ammonia  with 
a  slight  excess  of  acetic  acid),  the  phosphate  of  iron  is  sepa- 
rated as  a  white  precipitate. 

If  the  hydrochloric  solution  of  the  phosphate  of  iron  be 
mixed  with  ammonia  in  excess,  a  brownish  precipitate  of 
basic  phosphate  of  iron  is  obtained;  by  boiling  this  with 
sulphide  of  ammonium,  the  iron  is  converted  into  (black)  sul- 
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pliide  of  iron,  and  the  phosphoric  acid  is  dissolved  as  phos- 
phate of  ammonia,  and  may  be  detected  in  the  filtered  solution 
by  sulphate  of  magnesia,  mixed  with  chloride  of  ammonium 
and  ammonia. 

Phosphate  of  Lead  is  insoluble  in  water,  and  not  easily 
soluble  in  hydrochloric  acid,  but  diluted  nitric  acid  dissolves 
it ;  ammonia  added  to  this  solution  precipitates  the  phosphate 
of  lead,  and  ^icetic  acid  does  not  redissolve  it. 

By  boiling  the  phosphate  of  lead  with  sulphide  of  ammo- 
nium, the  phosphoric  acid  is  converted  into  phosphate  of 
ammonia,  and  may  be  detected  in  the  filtered  solution,  with 
the  mixture  of  sulphate  of  magnesia  with  chloride  of  ammo- 
nium and  ammonia. 

113.  Ferrocyanogen  is  the  name  given  to  the  group 
containing  carbon,  nitrogen,  and  iron,  which  is  supposed  to 
exist  in  the  ferrocyanide  of  potassium,  and  in  other  ferro- 
cyanides,  though  it  has  never  been  obtained  in  the  separate 
state. 

Hydroferrocyanic  (or  ferrocyanic)  Acid  is  not  at  all  a 
common  substance.  It  is  crystalline,  and  easily  soluble  in 
water.  When  the  solution  is  boiled,  it  evolves  the  odour  of 
hydrocyanic  acid,  and  deposits  a  white  precipitate  of  cyanide 
of  iron,  which  rapidly  turns  blue  by  oxidation. 

Ferrocyanide  of  Potassium  has  been  described  at  (p.  63).  Its 
solution  gives,  with  nitrate  of  silver,  a  nearly  white  preci- 
pitate of  ferrocyanide  of  silver,  which  is  not  dissolved  by 
ammonia. 

K  this  precipitate  be  warmed  with  dilute  nitric  acid,  it  is 
converted  into  the  orange  red  ferridcyanide  of  silver,  and  is 
then  dissolved  by  ammonia,  with  exception  of  a  few  flakes  of 
peroxide  of  iron. 

Sulphate  of  iron  causes  a  blue  precipitate  in  solution  of 
ferrocyanide  of  potassium. 

Ferrocyanide  of  Iron,  or  Prussian  Blue,  is  not  dissolved 
by  water  or  dilute  acids.  It  may  be  identified  by  boiling  it 
with  potash,  which  leaves  brown  peroxide  of  iron  undis- 
solved, and  yields  a  solution  of  ferrocyanide  of  potassium 
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whicli  may  be  filtered,  neutralized  with  hydrocliloric  acid, 
and  tested  with  perchloride  of  iron. 

Ferroajanide  of  Copper  has  a  brown  red  colour,  and  is  in- 
soluble in  water,  and  in  dilute  acids.  It  is  decomposed  by 
boiling  with  .potash,  into  black  oxide  of  copper  and  ferro- 
cyanide  of  potassium,  which  may  be  tested  as  in  the  case  of 
Prussian  blue. 

1 1 4.  *  In  order  to  obtain  confirmatory  evidence  of  the 
presence  of  oxalic  acid,  shake  a  little  of  the  original  sub- 
stance with  diltited  sulphuric  acid  (which  does  not  cause 
efiervescence  with  oxaKc  acid),  and  throw  in  a  little  pow- 
dered binoxide  of  manganese,  when  carbonic  acid  will  escape 
with  effervescence,  especially  if  a  gentle  heat  be  appUed,  and 
may  be  recognised  by  the  lime-water  test  (94). 

115.  Oxalic  Acid  itself  is  only  known  in  combination 
with  water;  it  forms  colourless  prismatic  crystals,  which 
dissolve  easily  in  water,  and  yield  a  strongly  acid  solution. 

When  heated  with  strong  sulphuric  acid,  oxalic  acid  dis- 
solves mth  effervescence,  evolving  carbonic  acid  and  car- 
bonic oxide  gases,  the  latter  of  which  burns  with  a  blue 
flame  on  approaching  the  mouth  of  the  tube  to  a  flame. 

"With  nitrate  of  baryta,  a  strong  solution  of  oxalic  acid 
gives,  on  stirring  with  a  glass  rod,  a  granular  precipitate  of 
oxalate  of  baryta,  which  dissolves  in  diluted  nitric  acid. 

With  nitrate  of  silver,  solution  of  oxalic  acid  gives  a 
white  precipitate  of  oxalate  of  silver,  which  is  soluble  in 
diluted  nitric  acid. 

When  heated  in  a  dry  tube  (17),  oxalic  acid  melts  very 
easily,  and  is  entirely  converted  into  vapour,  a  part  of  which 
condenses  on  the  sides  of  the  tube  in  fine  transparent  needles. 

The  Oxalates  commonly  met  with  are  the  acid  oxalate  of 
potash  (p.  64),  oxalate  of  ammonia  (75),  and  oxalate  oflime(58). 


*  Ferrocyanide  of  potassium  may  also  give,  with  chloride  of  calcium, 
a  precipitate  of  the  double  ferrocyanide  of  calcium  and  potassium, 
which  might  be  mistaken  for  oxalate  of  lime,  since  it  is  insoluble  in 
acetic  acid,  but  soluble  in  hydrochloric  acid,  from  which  ammonia  repre- 
cipitates  it. 


88  BOHACIC  ACID  IDENTIFIED. 

lie.  This  test  for  boracic  acid  depends  upon  its  singular 
property  of  colouring  orange-red  the  dye  known  as  turmeric; 
but  this  property  belongs  only  to  free  boracic  acid,  so  that  if 
it  be  combined  with  a  base,  it  is  necessary  to  liberate  it  by 
adding  hydrochloric  acid,  until  the  solution  reddens  blue 
litmus  paper.  A  large  excess  of  hydrochloric  acid  must  be 
avoided,  since  it  is  liable  to  carbonize  the  paper  on  drying. 

The  paper  may  be  dried  by  waving  it  above  the  flame 
so  as  not  to  scorch  it,  or  by  gently  warming  it  upon  a  slip  of 
glass. 

To  obtain  confirmatory  evidence  of  the  presence  of  boracic 
acid,  mix  the  substance  under  examination  with  strong  sul- 
phuric acid ;  add  alcohol,  and  inflame  the  mixture,  either 
upon  a  glass  rod  dipped  into  it,  or  on  a  sUp  of  glass,  or  m  a 
small  evaporating  dish,  in  the  latter  case  stirring  it  mth  a 
glass  rod.  Boracic  acid  imparts  a  decided  green  colour  to 
the  flame,  especially  at  the  edges. 

117,  Boracic  Acid  itself  {anhydrous  boracic  acid),  is  not 
commonly  met  with.  It  forms  glassy  fragments,  transparent 
when  freshly  prepared,  but  becoming  opaque  when  kept.  It 
is  powdered  with  great  difiiculty,  and  appears  at  first  to  be 
insoluble  in  water  and  acids,  but  after  boiUng  with  water  for 
a  short  time,  a  little  of  it  is  dissolved,  yieldmg  a  solution 
which  turns  blue  litmus  paper  violet,  and  stains  turmeric 
paper,  which  has  been  dipped  into  it  and  dried,  orange  yellow, 
becoming  green  when  moistened  with  potash. 

Glassy  boracic  acid  dissolves  easily  when  heated  with 

"^^t'stallized  (or  hydrated)  Boracic  Acid  forms  white  scaly 
or  feathery  crystals,  which  dissolve  in  boiUng  water,  and  are 
deposited  again  when  the  solution  cools.  The  solution  be- 
haves, with  Htmus  and  turmeric  papers,  as  stated  above. 
Placed  on  the  point  of  a  knife  or  on  a  platinum  wire  (74), 
and  heated  in  the  margin  of  a  flame  (70),  crystals  of  boracic 
acid  colour  the  flame  green,  a  part  of  the  acid  bemg  con- 
verted into  vapour  in  the  presence  of  the  water.  The  crystals 
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are  dissolved  by  boiling  alcohol,  and  the  solution  bn,rns  with 
a  fine  green  flame. 

The  impure  boracic  acid  imported  from  Tuscany,  always 
contains  considerable  quantities  of  ammonia  and  siilphuric 
acid,  as  impurities. 

The  only  common  borates  are  Borax,  or  Bihorate  of  Soda 
(p.  68),  and  the  mineral  Boronatrocalcite,  which  is  composed 
of  boracic  acid,  soda,  lime,  and  water,  and  is  imported  from 
Peru  under  the  name  of  Borate  of  Lime. 

Boronatrocalcite  occurs  in  soft  earthy  masses  ;  it  is  dis- 
solved to  a  slight  extent  by  water,  and  entirely  by  hydro- 
chloric acid.  If  it  is  dissolved  in  a  small  quantity  of  hydro- 
chloric acid,  ammonia  will  caiise  a  precipitate  of  borate  of 
lime ;  but  if  much  acid  be  present,  the  chloride  of  ammo- 
nium formed  will  be  sufficient  to  prevent  the  precipitation, 
since  borate  of  lime  is  soluble  in  chloride  of  ammonium. 

1 18.  To  detect  silicic  acid,  the  solution  which  has  been 
acidified  with  hydrochloric  acid  is  evaporated  to  dryness* 
(i.e.,  tmtil  no  more  Uquid  remains)  in  a  dish  (84) ;  the  latter 
is  allowed  to  cool,  and  some  diluted  hydrochloric  acid  poiured 
into  it.  The  dish  is  again  gently  heated,  and  its  contents 
stirred  with  a  glass  rod ;  when  nothing  more  appears  to  dis- 
solve, the  contents  of  the  dish  are  emptied  into  a  test-tube. 
If  silicic  acid  is  present,  semitransparent  flakes  will  be  seen 
in  the  liquid,  giving  it  a  peculiar  opalescent  appearance. 

The  only  common  substance  which  is  likely  to  be  mistaken 
for  silicic  acid  in  this  test  is  sulphate  of  lime,  which  is  not 
immediately  redissolved  by  hydrochloric  acid  after  evapora- 
tion to  dryness,  though  continued  heating  with  the  acid  will 
dissolve  it.  But  the  sulphate  of  lime  is  more  opaque,  and  is 
generally  left  as  a  crystalline  powder,  which  sinks  much 
more  readily  than  the  silicic  acid.    Should  there  be  any 


*  When  a  considerable  quantity  of  silicic  acid  is  present,  the  liquid 
becomes  a  jelly  at  a  certain  stage  of  the  evaporation. 
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doubt,  the  insoluble  part  may  be  allowed  to  settle  in  the  tube, 
•washed  twice,  by  decantation  (16)  and  heated  with  a  little 
potash,  which  will  easily  dissolve  silicic  acid,  but  not  sulphate 
of  lime. 

119.  The  common  forms  of  silicic  acid,  as  well  as  the 
more  frequently  occurring  silicates,  are  insoluble  in  water 
and  in  diluted  acids,  and  will  therefore  be  noticed  hereafter. 
;  The  only  silicates  which  are  soluble  in  water  are  the 
Silicate  of  Potash  (p.  64),  and  Silicate  of  Soda  (p.  69).  Even 
those  silicates  which  are  attacked  by  boiling  with  diluted 
acids  (such  as  the  Zeolitic  minerals,  and  various  slags),  do 
not  generally  dissolve  in  the  acid,  but  leave  a  residue  of 
gelatinous  silicic  acid,  so  that  they  will  be  noticed  together 
with  substances  insoluble  in  water  and  acids. 

120-  Chromic  Acid  itself  forms  needle-like  crystals  of  a 
crimson  colour  ;  they  attract  moisture  readily  from  air,  and 
dissolve  easily  in  water ;  the  solution  gives  a  bright  yellow 
precipitate  with  acetate  of  lead,  and  a  red  precipitate  with 
nitrate  of  silver. 

The  chromates  most  commonly  met  with,  are  chromate  of 
potash  (61),  Uchromate  of  potash  {Ql),  chromate  of  baryta  (65), 
and  chromate  of  lead  (p.  13). 

■  121-  Examples  for  Practice  in  Talks  G  and  H-— The 
following  substances  may  be  analysed  for  practice  (10) : — 


Chalk  (carbonate  of  lime) 
Common  salt  (chloride  of  sodium) 
Fluor  spar  (fluoride  of  calcium) 
Chloride  of  lime 
Sulphide  of  iron 
Ferrocyanide  of  potassium 
Hyposulphite  of  soda 
Phosphate  of  soda 


Silicate  of  potash. 


Oxalic  acid 

Saltpetre  (nitrate  of  potash) 
Chlorate  of  potash 
Iodide  of  potassium 
Cyanide  of  potassium 
Sulphite  of  soda 
Sulphate  of  magnesia 
Borax  (biborate  of  soda) 


TABLE  I. 
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92  HEATING  ON  PLATINUM  FOIL. 


EXPLANATIONS  AND  INSTEUCTIONS  ON 
TABLE  I. 

123.  Mode  of  observing  the  action  of  heat  upon  substances 
in  contact  ivith  air.— A  small  piece  of  platinum  foil  is  very 
convenient  for  this  purpose. 

It  may  be  held  in  a  pair  of  crucible  tongs  (fig.  37),  or 
upon  a  triangle  of  iron  wire  (fig.  38),  one  limb  of  which  is 
thrust  through  a  cork  for  convenience  in  holding  it  when 
hot. 

Pig.  38. 


Fia.  37. 


Crucible  tongs, 


Fia.  39. 


Triangle. 

The  substance  under  examination  should  be  placed  at  one 
corner  of  the  foil,  so  that  the  latter  may  not  be  rendered 
entirely  useless  if  the  substance  should  corrode  it. 

A  gentle  heat  should  be 
applied  at  first,  by  holding 
the  foil  a  little  above  the 
point  of  a  flame.  A  stronger 
heat  may  be  afterwards  ob- 
tained by  directing  the  blow- 
pipe flame  upon  the  under 
surface  of  the  foil  (fig.  39). 

Compounds  of  lead,  bis- 
muth, tin,  antimony,  and  arsenic  should  not  be  heated  on 
platinum  foH,  since  these  substances  corrode  it. 
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A  piece  of  broken  porcelain,  or  a  smaU  porcelain  crucible 
may  be  used  instead  of  platinum  foil. 

A  small  piece  of  tliin  Ger-  ^' 
man  glass  tube  open  at  both 
ends  will  answer  the  same 
purpose,  especially  if  it  be 
slightly  bent  so  that  the  sub- 
stance may  rest  in  it.  The 
tube  should  be  so  held  that 
one  opening  is  considerably 
higher  than  the  other,  and 
to  this  higher  opening  the  nose  should  be  applied,  in  order 
to  detect  the  odour  of  sulphur,  arsenic,  &c.  (fig.  40). 

1 24.  Reduction  of  substances  to  poivder. — Most  substances 
can  be  crushed  and  afterwards  ground  to  powder  in  a  pestle 
and  mortar  (fig.  41)  of  Wedgwood  ware.    A  small  spatula 
fig.  42)  is  used  to  scrape  the  powder  out  of  the  mortar. 


Fig.  41. 


Fia.  42. 


Large  fragments  must  first  be  broken  up  by  the  hammer 
on  an  anvil. 


Fig.  43. 


An  iron  pestle  and  mortar  are  very  con- 
venient for  crushing  hard  substances. 

To  prevent  fragments  of  the  substance 
from  flying  about,  a  wooden  cover  (fig.  43) 
should  be  placed  over  it,  with  a  hole  for 
the  handle  of  the  pestle. 

"When  a  mortar  is  not  at  hand,  sub- 
stances of  moderate  hardness  may  be  pow- 
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dered  on  a  hard  surface  by  rolling  a  thick  bottle  over 
them. 

An  agate  mortar  and  pestle  (fig.  44)  are  used  for  the  final 
grinding  of  very  hard  substances.    The  agate  pestle  should 
be  provided  with  a  handle  made  of  hard  wood,  and  fitted  to 
^t  by  a  brass  cap  (fig.  45).    The  powdering  is  very  much 


Fig.  48. 


Pig.  44. 


Agate  mortar. 
Fig.  15. 


Fig.  47. 


facilitated  by  mounting  the  pestle  on  a  brass  rod,  which, plays 
in  a  ring  attached  to  a  stout  wooden  upright  rising  from  a 
heavy  bed  of  hard  wood  in  which  the  agate  mortar  is  firmly 
set  (fig.  46). 

Reduction  of  substances  to 
powder  is  sometimes  hastened 
if  the  fragments  are  sifted  out, 
from  time  to  time,  by  rubbing 
the  powder  lightly  with  the  fin- 
ger upon  a  piece  of  mushn  tightly 
stretched  over  the  mouth  of  a 
beaker  (fig.  47).  The  fragments 
left  on  the  muslin  are  returned 
to  the  mortar. 
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For  po-wclering  small  quantities  of  very  hard  substances,  a 
steel  diamond  mortar  (fig.  48)  is  employed,  consisting  of  a 
socket  (a  fig.  49),  into  which  a  steel  cylinder  open  at  both 
ends  (b)  fits  tightly.  The  substance  to  be  powdered,  in  small 
fragments,  is  dropped  into  the  hollow  cylinder,  and  the  solid 
steel  cylinder  (c)  which  fits  the  former  exactly,  being  placed 
upon  it,  is  struck  sharply  and  repeatedly  with  a  heavy 
hammer. 

Fig.  4S.  Fig.  49. 


125-  Fusion  of  insoluble  substances  with  nitrate  of  potash 
and  carbonate  of  soda. — The  substance  should  be  reduced  to 
an  impalpable  powder,  that  is,  to  a  powder  in  which  no  grit 
can  be  felt  (124),  and  intimately  mixed  with  the  nitre  and 
carbonate  of  soda,  also  in  fine  powder,  either  in  a  small 
mortar  (fig.  41)  or  with  a  knife  upon  a  piece  of  paper. 

The  carbonate  of  soda  employed  for  this  fusion  must  have 
been  previously  dried  to  expel  its  water  of  crystallization. 

The  mixture  is  placed  upon  a  piece  Fig.  50. 

of  platinum  foil,*  slightly  bent  up  at 
the  edges  (fig.  50),  and  heated  mode- 
rately at  first  to  expel  any  moisture 
which  may  be  present.  The  foil  is  then 
heated  to  redness,  over  a  Bunsen  (fig. 
51)  or  gauze  (fig.  52)  burner,  or  by 
directing  a  broad  blowpipe  flame  upon 
its  under  surface  (fig.  39).    To  obtain  such  a  flame,  the 


*  A  piece  of  foil  1^  in.  long  and  1|  in.  wide,  of  such  thickness  as  to 
weigh  seven  grains,  will  be  found  suitable  for  the  purpose. 
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blowpipe  jet  should  be  held  a  little  away  from  the  flame,  so 
that  a  broad  divergent  stream  of  air  may  be  sent  through  it. 


Pig.  51 


Tig.  52. 


Fig.  53. 


Bunseu  B  Burner.  Gauze  burner. 

When  the  mixture  is  very  difBcult  to  fuse,  the  blowpipe 
flame  must  be  directed  down  upon  its  surface  after  the  lower 
part  has  been  fused.  No  violence  must  be  employed  to 
detach  the  fused  mass  from  the  foil,  but  it  should  be  soaked 
in  water  as  directed  at  (131). 

A  small  platinum  capsule  (fig.  53)  is  very 
convenient  for  the  fusion  of  insoluble  sub- 
stances. 

NOTES  TO  TABLE  I. 

126.  Sulphur  is  likely  to  be  met  with  in  several  forms. 

Crude  Sulphur,  as  imported  from  Sicily  and  elsewhere, 
forms  greyish  yellow  lumps,  and  leaves  a  slight  dark  residue 
when  burnt. 

Distilled  Sulphur,  used  for  the  manufacture  of  gunpowder, 
forms  pure  yeUow  lumps,  and  burns  without  residue. 

Boll  Sulphur  {common  brimstone)  forms  pure  yeUow 
cylindrical  sticks,  also  burning  without  residue. 

These  three  varieties  dissolve  entirely,  or  nearly  so,  m 

bisulphide  of  carbon. 

Flowers  of  Sulphur  (or  sublimed  sulphur)  is  a  fine  yeUow 
powder,  which  burns  without  residue,  but  is  not  entirely  dis- 
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solved  by  tlie  bisulphide  of  carbon,  since  it  contains  a  con- 
siderable proportion  of  the  insoluble  variety  of  sulphur. 

Milk  of  Sulphur  (or  precipitated  sulphur)  is  a  white  im- 
palpable powder  which  generally  leaves  a  considerable  white 
residue  (sulphate  of  lime)  when  burnt. 

Viscous  Sulphur,  obtained  by  pouring  hot  melted  sulphur 
into  water,  has  a  brown  colour,  and  somewhat  resembles 
India-rubber  ;  it  becomes  brittle  when  kept  for  a  few  hours. 
Sulphur  sometimes  separates  in  viscous  masses  when  the 
sulphides  of  the  metals  are  dissolved  in  nitric  acid. 

127.  Carbon  is  met  with  in  the  forms  of  diamond, 
graphite,  vegetable  charcoal,  animal  charcoal,  coal,  coke, 
gas-carbon,  lamp-black,  soot. 

Diamond  is  generally  recognised  by  its  extreme  hardness, 
rendering  it  capable  of  scratching  glass  and  even  steel.  It 
burns  with  difficulty  in  air,  even  when  heated  in  the  blow- 
pipe flame,  and  is  best  recognised  by  burning  it  in  oxygen, 
and  detecting  the  carbonic  acid  produced,  by  means  of  lime- 
water.  The  mode  of  effecting  the  combustion  of  the  diamond 
is  described  in  most  works  on  Elementary  Chemistry. 

Grajihite,  plumbago,  or  black  lead  is  recognised  by  its  semi- 
metaUic  lustre,  especially  Avhen  rubbed  with  a  hard  substance, 
and  by  its  greasy  feeling  between  the  fingers.  It  burns  away 
very  slowly  when  heated  in  air,  and  generally  leaves  a  con- 
siderable residue  of  (brown)  peroxide  of  iron. 

Vegetable  Charcoal  (Avood  charcoal)  may  of  com-se  generally 
be  recognised  by  its  appearance.  It  glows  readily  when  heated 
in  air,  and  leaves  a  small  quantity  of  white  very  light  ash. 

Animal  Charcoal  {bone-black,  ivory-black,  char)  burns 
pretty  easily  when  strongly  heated,  but  leaves  a  very  large 
earthy  residue  (phosphate  and  carbonate  of  lime).  This 
vai'iety  of  charcoal  effervesces  with  hydrochloric  acid,  which 
dissolves  the  phosphate  and  carbonate  of  lime,  the  former 
being  deposited  as  a  white  gelatinous  precipitate  on  mixing 
the  filtered  solution  with  ammonia  in  excess. 

H 
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Coal  evolves  a  tarry  odour  when  heated,  and  furnishes  a 
coke  which  burns  away  with  some  difficulty,  leaving  a 
moderate  ash  consisting  chiefly  of  silica  and  alumina,  but 
having  a  reddish-brown  colour  (due  to  peroxide  of  iron)  if 
much  iron-pyrites  be  present  in  the  coal. 

Coke  of  course  behaves  in  the  same  way,  but  does  not 
evolve  tarry  odoxu-s.  Both  coal  and  coke  burn  vividly 
(deflagrate)  when  thrown  into  melted  nitre  heated  to  red- 
ness. 

Gas-carbon  (the  deposit  which  lines  the  interior  of  gas- 
retorts)  somewhat  resembles  coke  in  appearance,  but  is  much 
harder  and  more  compact,  having  almost  a  metallic  sound 
when  struck.  It  is  very  difficult  to  burn  it  in  air,  and  a 
high  temperature  is  required  to  deflagrate  it  with  nitre. 

Lamp-black  {spirit-black)  is  known  by  its  dead  black 
appearance  and  great  lightness.  It  glows  easily  when  heated 
in  air,  and  burns  entirely  away  when  pure,  but  commercial 
lamp-black  often  leaves  a  considerable  white  ash. 

Soot  may  be  recognised  by  its  odour.  It  burns  easily  in 
air.  When  boiled  with  solution  of  potash,  it  evolves  an 
odour  of  ammonia,  derived  from  the  destructive  distillation 
of  the  coal. 

128.  Chloride  0/ siVwer  dissolves  when  heated  with  am- 
monia :  if  an  excess  of  nitric  acid  be  added  to  the  solution, 
white  chloride  of  silver  is  reprecipitated,  and  becomes  violet 
when  exposed  to  daylight. 

Chloride  of  silver  also  dissolves  in  solution  of  hyposul- 
phite of  soda. 

129.  The  presence  of  fluor-spar  may  be  confirmed  ac- 
cording to  (59). 

1 30.  Should  the  fased  mass  have  a  bright  yellow  colour, 
it  is  due  to  the  formation  of  an  alkaline  chromate,  and  indi- 
cates the  presence  of  chromium.  A  dark  green  colour, 
changing  to  turquoise  blue  on  cooling,  is  caused  by  manga- 
nate  of  soda,  and  indicates  the  presence  of  manganese. 

131.  The  platinum  foil  with  the  fused  mass  should  be 
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placed,  as  soon  as  the  mass  has  set, 
in  an  evaporating  dish  (fig.  54) 
containing  about  half  an  ounce 
of  distilled  water.  The  dish  is 
gently  heated,  and  the  surface  of 
the  foil  lightly  rubbed,  under  the 
■water,  with  a  glass  rod  rounded 
at  the  end,  until  the  mass  has  be- 
come detached.  The  foil  is  then 
removed,  and  the  mass  stirred 
with  the  water,  and  crushed  under 
the  glass  rod  until  it  is  entirely 
disintegrated;  the  insoluble  resi- 
due is  then  collected  on  a  filter. 

132.  Since  both  nitrate  of  potash  and  carbonate  of  soda 
(Avhich  have  been  used  in  the  fusion)  are  liable  to  contain 
sulphuric  acid  as  an  impurity,  it  is  advisable  to  test  them  for 
that  acid  before  concluding  that  the  sulphuric  acid  here  de- 
tected really  belongs  to  the  substance.  The  sulphuric  acid 
might  also  have  been  formed  by  the  oxidation  of  sulphur  or 
of  a  sulphide  at  the  expense  of  the  nitrate  of  potash. 

If  the  sulphuric  acid  be  really  present  as  an  essential  con- 
stituent of  the  substance  insoluble  in  water  and  acids,  it 
must  exist  in  the  form  of  sulphate  of  baryta,  sulphate  of 
strontia,  sulphate  of  lime,  or  sulphate  of  lead 

133-  Sulphate  of  Baryta  or  heavy-spar  {sometimes  called 
barytes  or  cawk)  occurs  naturally  in  a  transparent  colourless 
form,  crystallized  in  prisms.  It  is  more  commonly  opaque 
and  of  a  brownish  colour.  By  a  skilful  operator  the  barium 
may  be  detected  in  it  by  the  blowpipe  test  (276). 

Artificial  sulphate  of  baryta  is  an  earthy  white  powder. 

Sulphate  of  Strontia  or  celestine  usually  occurs  in  bluish 
opaque  masses  with  a  fibrous  structure,  but  it  is  sometimes 
white  or  yellowish.  The  blowpipe  test  will  indicate  the 
strontium  (281). 

Sulphate  of  Lime  and  Sulphate  of  Lead  have  been  described 
at  (69)  and  (14)  respectively. 

H  2 


Fig.  54. 
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1 34.  It  is  very  necessary  to  boil  the  acid  solution  of  the 
fused  mass  before  adding  hydrosulphuric  acid,  in  order  to 
expel  the  nitrous  acid  (formed  from  the  nitrate  of  potash  , 
which  would  oxidize  a  large  quantity  of  hydrosulphuric  acid, 
causing  a  separation  of  sulphur.  _ 

135   If  tin  be  present  in  the  insoluble  substance,  it  will 
'  probably  also  be  detected  in  the  residue  left  on  treating  the 
fused  mass  with  water. 

The  only  compound  of  tin  likely  to  be  found  here  is  the 
Binoxide  of  Tin  {tin-stone,  stannic  acid,  putty-powder)  v^hich 
occurs  naturally  either  in  separate  crystals  (stream-tin  ore) 
or  in  large  masses  (mine-tin  ore)  of  inferior  pui-ity.  It  is 
usually  dark-coloured,  heavy,  and  very  hard,  scratching  glass 

like  quartz.  ^  ,     ,    ,  i 

The  presence  of  tin  is  easily  confirmed  by  the  blowpipe 

Artificial  binoxide  of  tin  is  a  white  powder  which  becomes 

yellowish  when  heated. 

Putty  powder  commonly  contains  oxide  of  lead  as  well  as 

binoxide  of  tin. 

136  If  antimony  is  present  in  the  insoluble  substance, 
the  greater  part  of  it  will  probably  be  found,  as  antimomate 
of  soda,  in  that  portion  of  the  fused  mass  which  is  msoluble 

in  water.  t    c  j.- 

Antimonic  Acid,  the  only  insoluble  compound  of  antimony 
likely  to  be  met  with  here,  is  a  white  powder  which  assumes 
a  vellow  tint  when  heated.  e  -v  ■ 

137.  For  confirmatory  evidence  of  the  presence  of  sihcic 

^^^.S/or!ni!^i  itself  would  have  be^  conver.d  irite 
silicic  acid  by  the  fusion  with  carbonate  of  soda  and  nitre. 

s  o—t  form  is  that  of  a  dark  powder  which  dissolves 
when  boiled  with  potash.  If  a  Httle  silicon  be  placed  on  a 
"  e  e  of  platinum  f^il  and  sharply  heated  by  directing  a  b low- 
Soe  flame  upon  the  under  surface  of  the  foil,  it  eats  a  hole 
Tthe  m^^a,  converting  it  into  the  fusible  silicide  of  platinum. 
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The  so-called  oxide  of  silicon  which  occurs  in  the  residue 
left  when  cast  iron  is  dissolved  in  hydrochloric  acid,  is  a 
grey,  very  light  powder,  which  is  easily  dissolved  with  effer- 
vescence when  heated  with  solution  of  potash,  hydrogen  be- 
ing evolved,  which  is  recognised  by  its  inflammability. 

Silicic  Acid  or  sihca  is  met  with  in  a  variety  of  forms. 

Sand  is  of  various  shades  of  colour.  It  is  generally  found 
to  contain  a  small  quantity  of  alumina  (in  the  form  of  clay) 
and  a  little  iron, 

Flint  is  known  by  its  characteristic  appearance. 

Quartz  occurs  in  rounded  pebbles  or  in  transparent  masses, 
sometimes  of  a  pink  colour.  It  is  also  commonly  met  with 
in  well-defined  six-sided  prisms  with  pyramidal  terminations. 
Both  quartz  and  flint  scratch  glass  easily. 

Chalcedony  varies  very  much  in  colour,  its  commonest 
form  is  milk-white  and  opaque. 

Soluble  Silica  is  found,  in  dull  white  earthy  masses,  or,  in 
volcanic  districts,  in  porous  lumps  like  pumice,  often  stained 
yellow  with  perchloride  of  iron.  It  is  easily  dissolved  when 
boiled  with  solution  of  potash. 


Common  Simple  Silicates. 


Names. 

Composition. 

Clay 

Pumice 

Slate 

Steatite 

Meerschaum 

Iron  slags 

Electric  calamine 

Silicic  acid,  alumina,  water. 

Silicic  acid,  alumina. 

Silicic  acid,  alumina. 

Silicic  acid,  magnesia. 

Silicic  acid,  magnesia. 

Silicic  acid,  oxide  of  iron. 

Silicic  acid,  oxide  of  zinc,  water. 

Clai/  (silicate  of  alumina)  occurs  in  various  degrees  of 
purity,  and  may  be  generally  recognised  by  its  plasticity 
when  mixed  with  water. 

Pipe-clay  and  Kaolin  are  white,  and  consist  of  nearly  pure 
silicate  of  alumina. 

Fire-clay  (Stourbridge  clay)  has  a  grey  colour  and  con- 
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tains  a  little  iron.    Fire-brick  (baked  fire-clay)  has  a  yellow- 
ish hue,  from  the  presence  of  ferric  oxide. 

Dinas  jire-hrich  consists  almost  entirely  of  silica. 

Common  Clay  has  various  shades  of  blue,  yellow,  and  red, 
and  often  contains  considerable  quantities  of  iron  and  lime. 

Fuller's  Earth  is  a  brown  clay  containing  iron. 

Brick,  earthenware,  and  porcelain,  since  they  are  composed 
chiefly  of  baked  clay,  contain  silicate  of  alumina,  the  two 
former  sometimes  containing  much  iron. 

When  clay  is  fused,  as  directed  in  the  table,  the  greater 
part  of  the  silica  is  not  found  in  the  aqueous  solution  of  the 
fused  mass  (as  is  the  case  with  most  other  silicates),  but  in  a 
gelatinous  residue  of  silicate  of  alumina  which  is  left  undis- 
solved by  water,  but  dissolves  in  acids. 

Pumice  and  Slate  are  known  by  their  appearance. 

Steatite,  Soap-stone,  or  French  Chalk  (silicate  of  magnesia), 
is  recognised  by  its  peculiar  soapy  feel  when  rubbed  in  the 
fingers. 

Meerschaum  is  a  white  earthy  mineral,  met  with  m  rounded 
masses. 

Iron  Slag  (silicate  of  iron)  has  been  described  at  (p.  38). 

Electric  Calamine  (hydrated  silicate  of  zinc),  or  zinc  glance, 
is  usually  greyish  white,  with  a  glassy  lustre.  When  the 
mineral  is  boiled  with  hydrochloric  acid,  the  silica  separates 
in  the  gelatinous  state,  and  the  zinc  is  dissolved  in  the  form 

of  chloride.  . 

138.  It  is  necessary  to  boil  the  solution  acidulated  with 
acetic  acid,  before  testing  with  acetate  of  lead,  in  order  to 
expel  the  nitrous  acid  from  the  nitrite  of  potash,  which  gives 
a  yellowish  precipitate  with  the  acetate  of  lead. 

The  presence  of  chromium  may  be  further  proved  by  neu- 
traUzing  another  part  of  the  solution  with  diluted  nitric  acid, 
and  adding  nitrate  of  silver,  which  produces  a  red  precipitate 
of  chromate  of  silver. 
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The  only  insoluble  coanpoimds  of  ctrommm  wliicli  are  met 
with  in  ordinary  analysis  are  the  insoluble  variety  of  oxide  oj 
chromium  (61)  and  chrome-iron  ore  (61). 

139.  It  will  be  necessary  to  separate  silicic  acid,  if  pre- 
sent in  the  solution,  before  examining  for  metals.  To  efEect 
this,  evaporate  the  solution  to  dryness  (84),  and  heat  the  re- 
sidue with  dilute  nitric  acid,  when  the  silicic  acid  will  be  left 
imdissolved,  and  may  be  filtered  off. 

It  is  of  course  unnecessary  to  examine  for  potassium, 
sodium,  and  ammonium  in  this  solution. 

140-  Any  portion  of  the  substance  which  has  not  been 
finely  powdered  is  likely  to  be  left  here. 

Chrome-iron  ore  is  never  completely  attacked  by  the  fusion, 
and  may  be  recognised  by  (61). 

Carbon,  in  some  very  incombustible  forms,  may  also  be 
left  here.  Such  carbon  can  only  be  consumed  by  protracted 
heating  in  a  mufile. 

141.  Examples  for  Practice  in  Table  I.— The  following 
substances  may  be  analysed  for  practice.    See  (10). 

Fluor  spar  Sulphate  of  baryta 

Plaster  of  Paris  Sulphate  of  lead 

Binoxide  of  tin  White  sand. 
Powdered  pipe-clay. 
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NOTES  TO  TABLES  K,  L,  M,  AND  N. 

146.  Much  attention  should  be  pcaid  to  the  odour  evolved 
on  heating  the  substance,  since  many  organic  acids  may  be 
at  once  recognised  in  this  way.  The  analyst  is  recommended 
to  render  himself  familiar  with  the  characteristic  odours  by 
heating  small  specimens  of  each  of  the  organic  acids. 

Tartaric  Acid  evolves  a  sweetish  odour,  somewhat  like  that 
of  burnt  sugar. 

Citric  Acid  evolves  a  similar  odour,  but  more  pungent. 

The  compounds  of  Acetic  Acid  give  the  peculiar  fragrant 
odour  of  acetone. 

Benzoic  Acid  gives  the  aroma  of  frankincense. 

Succinic  Acid  emits  vapours  which  provoke  coughing. 

Hippuric  Acid  furnishes  an  odour  resembling  hitter 
almonds. 

Uric  Acid  evolves  a  smell  of  singed  hair,  in  which  a  keen 
scent  will  trace  ammonia  and  hydrocyanic  acid. 

147.  If  the  substance  leaves  no  residue  when  heated,  it 
is  not  likely  to  contain  any  metal  except  ammonium  or 
mercury. 

Ammonium  may  at  once  be  sought  by  boiling  the  sub- 
stance with  solution  of  potash,  which  woxild  evolve  the 
pungent  odour  of  ammonia.* 

Mercviry  would  be  detected  by  boiling  the  substance  with 
dilute  hydrochloric  acid  and  slips  of  metalhc  copper,  which 
Avould  become  coated  with  a  silvery  deposit,  yielding  globules 
of  mercury  when  dried  and  heated  in  a  small  tube. 

Proceed,  to  detect  the  acid,  as  in  column  2,  Table  K. 

148.  The  red  colour  caused  by  acetic  acid  (due  to  the 
formation  of  peracetate  of  iron  or  ferric  acetate)  should  not 


*  It  must  be  repjembered  that  urea  also  evolves  ammonia  when  boiled 
■with  potash  ;  but  urea,  unlike  ammonia,  is  not  precipitated  by  bichlo- 
ride of  platinum. 
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be  bleached  by  chloride  of  mercury  (in  which  it  differs 
from  that  caused  by  the  hydrosulphocyanic  acid). 

To  obtain  confirmatory  evidence  of  the  presence  of  acetic 
acid,  heat  the  substance  with  alcohol  and  concentrated  sul- 
phuric acid,  which  should  evolve  the  pleasant  smell  of  acetic 
ether,  resembling  that  of  cider. 

149.  Acetic  Acid  itself  is  a  colourless  liquid,  having  the 
acid  smell  of  vinegar,  without  its  aroma.  It  evaporates  when 
heated  on  a  slip  of  glass,  without  leaving  any  residue. 

If  acetic  acid  is  carefidly  neutralized  with  ammonia  or 
carbonate  of  ammonia,  and  a  little  nitrate  of  silver  added,  a 
crystalline  precipitate  of  acetate  of  silver  separates,  especially 
on  stirring  briskly  with  a  glass  rod.  The  silver  is  not 
reduced  to  the  metallic  state  on  heating  the  precipitate  with 
the  liquid  (as  would  be  the  case  with  formic  acid,  which,  in 
other  respects,  might  be  mistaken  for  acetic). 

Acetic  acid  yields  a  crystalline  precipitate  with  mercurous 
nitrate  (protonitrate  of  mercury),  if  the  mixture  be  stirred 
briskly  with  a  glass  rod. 

Acetic  acid  is  also  characterized  by  its  property  of  acquir- 
ing an  alkaline  reaction  to  red  Htmus,  when  boiled  with  oxide 
of  lead  (litharge),  in  consequence  of  the  formation  of  the 
basic  acetate  of  lead. 

The  most  commonly  occurring  salts  of  acetic  acid  are 
Acetate  of  Lead  (14),  Tribasic  Acetate  of  Lead,  Acetate  of 
Copper  (27),  Acetate  of  Alumina  (51),  Acetate  of  Iron, 
Acetate  of  Potash,  Acetate  of  Soda,  and  Acetate  of  Ammonia. 

Tribasic  Acetate  of  Lead  (or  Goulard's  extract)  is  com- 
monly sold  in  solution,  though  it  may  be  crystalhzed  m 
needles.  It  has  a  sweet  taste,  and  turns  red  litmus  paper 
blue.  On  breathing  into  a  test-tube  containing  a  little  of 
the  solution,  and  shaking  it  up,  a  white  precipitate  of  car- 
bonate of  lead  is  produced.  Addition  of  columon  water  to 
the  solution  also  renders  it  milky. 
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Acetate  of  Iron  (ferric  acetate)  forms  a  deep  red  solution, 
which  is  changed  to  yellow  by  hydrochloric  acid.  When  a 
solution  of  ferric  acetate  is  mixed  with  three  or  four  times 
its  volume  of  Avater  and  boiled,  a  brown  precipitate  of  basic 
ferric  acetate  is  deposited. 

Acetate  of  Potash  is  commonly  sold  in  white  opaque 
fibrous  masses,  having  a  faint  acetic  odour,  and  easily  ab- 
sorbing moisture  from  the  air.  It  is  very  soluble  in  water,  and 
the  solution  gives  a  bright  red  colour  with  perchloride  of  iron. 

When  heated  on  platinum  foil,  acetate  of  potash  fuses 
easily,  evolves  inflammable  vapours,  and  leaves  a  residue  of 
carbonate  of  potash,  which  is  strongly  alkaline  to  moistened 
red  litmus  paper,  and  eifervesces  with  hydrochloric  acid. 

Acetate  of  Soda  is  sold  either  in  moist  transparent  crystals 
or  in  greyish  fibrous  masses  which  have  been  fused.  In 
other  respects  it  resembles  acetate  of  potash,  but  the  residue 
of  carbonate  of  soda,  which  it  leaves  when  burnt  on  platinum 
foil,  does  not  deliquesce  in  air  like  the  carbonate  of  potash. 

Acetate  of  Ammonia  is  generally  met  with  in  solution; 
on  boiling  it,  the  odours  of  acetic  acid  and  ammonia  may  be 
perceived. 

150.  Formic  Acid  is  a  colourless  liquid  of  pungent 
odour,  resembling  that  of  acetic  mixed  with  sulphurous  acid. 
It  leaves  no  residue  when  evaporated.  When  formic  acid  is 
heated  with  nitrate  of  silver  or  bichloride  of  platinum,  black 
deposits  of  the  metals  are  obtained. 

None  of  the  formiates  are  of  common  occurrence. 

151.  Meconic  Acid  forms  scaly  crystals  which  have  com- 
monly a  brownish  colour,  and  dissolve  with  difliculty  in  cold, 
but  easily  in  hot  water.    Alcohol  also  dissolves  them. 

The  red  colour  produced  by  perchloride  of  iron  with 
meconic  acid  is  not  bleached  by  chloride  of  mercury  (thus  dis- 
tinguishing it  from  hydrosulphocyanic  acid). 

A  solution  of  meconic  acid  which  has  been  mixed  with 
excess  of  ammonia,  gives  a  white  precipitate  with  chloride  of 
calcium,  which  is  soluble  in  Acetic  Acid. 
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None   of  the  meconates   are   of  common  occurrence. 
Meconate  of  morphia  is  sometimes  used  in  medicine 

152  Tannic  Acid  (or  tannin)  is  a  yellowish  or  brownish 
powder,  which  has  a  very  astringent  taste,  and  dissolves 
pretty  easily  when  shaken  with  cold  water. 

On  adding  potash  or  ammonia  to  a  solution  of  tannic  acid, 
it  becomes  brown,  especially  if  shaken  with  air. 

Dilute  sulphuric  acid,  added  in  considerable  quantity, 
causes  a  white  precipitate  in  solution  of  tannic  acid. 

The  only  tannate  commonly  met  with  is  that  of  sesquioxide 
of  iron  (ferric  tannate)  which  exists  in  writmg  mk. 

Ink  inay  be  identified  by  adding  strong  mtric  acid,  which 
reddens  it,  and  changes  it  to  a  clear  yellow  on  boilmg.  On 
adding  excess  of  ammonia,  the  rusty  brown  sesquioxide  of 

"'is^'Srlac^  is  a  white  or  yellowish  powder  com- 
posed of  minute  shining  needles.  It  is  not  visibly  dissolved 
Then  shaken  with  cold  water,  but  dissolves  readily  on  boil- 
Tng  bdng  deposited  again  in  delicate  needles  when  the  solu- 

'"potat'or  ammonia  causes  a  red  brown  colour  in  a  solu- 
tion of  gallic  acid,  which  becomes  much  darker  on  shalung 
-with  air. 

There  is  no  gallate  of  common  occurrence. 
154  Benzoic  Acid  is  commonly  met  with  in  white 
featlenj' crystals,  which  are  extremely  light  and  have  an 
{Iteelble  odour  of  incense.  It  has  a  peculiar  sweetish 
pfmgent  taste,  and  is  sparingly  dissolved,  even  by  boihng 
Lter  It  dissolves  easUy  in  ammonia,  and  is  lepie- 
Tip^^Ld  in  feathery  flakes  on  adding  excess  ot  hydrochloric 

When  gently  heated  in  a  tube,  it  fuses  easUy,  and  sub- 
limes without  leaving  any  residue  of  importance. 

Tone  of  the  benzoates  are  sufficiently  common  to  require 
special  description.  ■ 
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155.  The  precipitate  is  of  a  mucli  darker  red  brown 
colour  in  the  case  of  succinic  than  in  that  of  benzoic  acid. 

Succinic  Acid  is  a  colourless  crystalline  acid,  which  dis- 
solves easily  even  in  cold  water.  The  solution,  when  mixed 
with  excess  of  ammonia  and  chloride  of  barium,  does  not 
give  any  precipitate  ;  but  if  alcohol  be  added,  the  Liquid 
deposits  succinate  of  baryta  as  a  white  precipitate. 

Succinic  acid  is  characterized  by  its  behaviour  when 
heated ;  it  first  melts,  and  is  then  decomposed,  evolving 
vapours  which  produce  violent  coughing.  It  leaves  a  very 
slight  carbonaceous  residue,  which  easily  burns  away. 

No  salt  of  succinic  acid  can  be  described  as  being  com- 
monly met  with. 

156.  ni2'>puric  Acid  forms  shining  prismatic  crystals 
which  are  nearly  insoluble  in  cold  water,  but  dissolve  readily 
on  boiling,,  and  are  deposited  as  the  liquid  cools.  It  is 
almost  insoluble  in  ether,  and  may  thus  be  distinguished 
from  benzoic  acid,  which  dissolves  easily  in  ether. 

WLen  heated  in  a  tube,  hippuric  acid  melts  and  is  decom- 
posed, evolving  an  agreeable  odour  (of  benzonitrile)  resem- 
bling oil  of  bitter  almonds,  and  leaving  a  carbonaceous 
residue. 

The  hippui'ates  are  not  commonly  met  with. 

157.  The  behaviour  of  the  precipitate  of  tartrate  of  lime 
is  very  characteristic,  and  should  be  carefully  observed. 

"VAHien  precipitated,  as  in  Table  L,  from  an  ammoniacal 
solution,  it  is  flocculent  or  gelatinous,  according  to  the 
strength  of  the  solution  ;  but  if  it  be  set  aside  for  some  time, 
it  becomes  a  granular  crystalline  precipitate. 

The  flocculent  tartrate  of  lime  dissolves  easily  in  chloride 
of  ammonium,  and  is  deposited  again  in  a  crystalline  state  if 
the  sides  of  the  tube  beneath  the  liquid  be  well  rubbed  with 
a  glass  rod.* 


*  The  tartrate  of  lime,  which  is  precipitated  from  tartar  emetic,  does 
not  exhibit  this  disposition  to  become  crystalline. 
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Crystalline  tartrate  of  lime  does  not  dissolve  when  shaken 

,f  It  be  <i^^  y      immediately  reprecipitated,  as 

ammonia  added,  it  is  no^  j        requires  brisk 

n        fTi*.  P'lse-with  oxalate  ol  ume,  Diu  rLqunc 

line  state.  , ,  either  in  colourless 

•1  R«    Tartaric  Acid  itselt  is  sow  emiei 
1 58.  i a»  to'^  ^.^^^1^3,  readily,  even  m 

XaC:ivLr::r:;,ao..o.^^^^^^ 

W.en  .ea..  -'t^af  ^^^^^^^^^^^^ 

:rt:.rcarrr;SwH.Lan.«.a.e.*e 

acid  is  pure.  . 

of  tie  tube  to  a  light. 

T  •  aided  in  excess  to  a  small  quantity  ol  solu- 

lime,  soluble  in  chloride  of  ammonium. 

^  solution  of  tartaric  acid,  mixed  a 
oUoridc  of  calcium,  gives  no  P«<?'I'''^f.V^^td  which  dis- 
.radually  added,  titrate  o   lime  ^^^^  „^ 
solves  in  an  excess  of  potasn,  ana        i  i 
the  solution,  dissolving  again  as  it  cools. 

soluble  in  ammonia. 

.rortihT=^^^^^^^^ 

Tartrate  of  Potash  and  Soda. 
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Bitartrate  of  Potash  lias  been  described  nt  (p.  63). 

By  dissolving  it  in  a  very  small  quantity  of  potash,  and 
;  adding  a  little  chloride  of  calcium,  the  white  precipitate  of 
I  tartrate  of  lime  may  be  obtained,  which  dissolves  in  an 
t  excess  of  potash,  and  is  reprecipitated  by  boiling. 

Tartrate  of  Antimony  and  Potash  has  been  noticed  at  (39). 

Its  solution  in  water  is  slightly  acid,  and  gives,  after  a 
:  short  time,  a  white  precipitate  of  tez'oxide  of  antimony  on 
:  adding  ammonia. 

Tartrate  of  Potash  and  Soda,  or  Eochelle  salt,  forms  large 
I  transparent  prismatic  crystals,  which  dissolve  easily  in 
'  water.  If  the  solution  be  slightly  acidified  with  acetic  acid, 
:  and  briskly  stirred,  a  crystalline  precipitate  of  bitartrate  of 
]  potash  is  deposited. 

159>  The  precipitation  by  chloride  of  calcium  in  an 
;ammoniacal  solution  on  boiling,  must  not  be  regarded  as 
:  satisfactory  proof  of  the  presence  of  citric  acid,  since  other 
]  precipitates,  particularly  carbonate  and  sulphate  of  lime, 
imay,  under  some  conditions,  be  obtained  in  a  similar  way. 

Citric  Acid  forms  colourless  crystals,  which  are  readily 
(  dissolved  by  cold  water. 

When  heated,  the  crystals  fuse,  carbonize,  and  emit  irri- 
itating  inflammable  vapours,  very  different  from  those  evolved 
I  by  tartaric  acid.  Citric  acid  also  leaves  less  charcoal  than 
1  tartaric.  The  charcoal  burns  away  entirely  if  the  acid  is 
]  pure. 

Strong  sulphuric  acid  heated  with  citric  acid,  evolves 
i  much  carbonic  oxide  gas,  recognised  by  its  burning  with  a 
1  blue  colour  on  applying  the  mouth  of  the  tube  to  a  flame  ; 
I  the  mixture  does  not  carbonize  so  readily  as  in  the  case  of 
1  tartaric  acid. 

Lime-water,  added  in  large  excess  to  a  small  quantity  of 
:  solution  of  citric  acid,  does  not  produce  a  precipitate  until 
1  the  mixture  is  boiled,  when  citrate  of  lime  is  deposited.  On 

I 
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cooling  the  solution,  the  precipitate  will,  at  least  partly,  be 
redissolved,  since  citrate  of  lime  is  more  soluble  in  cold  than 
in  hot  water. 

Chloride  of  calcium,  added  to  a  solution  of  citric  acid, 
gives  no  precipitate;  but  if  potash  be  added,  citrate  of  Ume 
is  separated,  which  does  not  redissolve,  like  tartrate  of  hme, 
on  adding  an  excess  of  potash. 

The  only  citrates  which  are  at  aU  commonly  met  with  are 
the  medicinal  preparations-citrate  of  iron,  ammonio-citrate 
of  iron,  citrate  of  iron  and  quinine,  and  citrate  of  bismuth. 

Citrates  of  lime  and  magnesia  are  imported  from  Sicily, 
for  the  preparation  of  citric  acid. 

Citrate  of  Iron  (ferric  citrate)  forms  brilliant  yellow  trans- 
parent scales,  which  taste  sweet  and  astringent ;  they  dissolve 
readily  in  water,  forming  a  brown  solution  which  is  preci- 
pitated by  alcohol.  The  presence  of  citric  acid  prevents  the 
precipitation  of  the  ferric  oxide  on  addition  of  ammonia. 
Ammo7uo-citrate  of  Iron  is  very  similar  to  the  citrate  _ 
Citrate  of  Iron  and  Quinine  also  forms  fine  yellow  scales,  m 
which,  however,  the  bitter  taste  of  quinine  is  perceptible. 
Its  solution  yields  a  white  precipitate  of  quinme  on  addition 

of  ammonia.*  . 

Citrate  of  Bismuth  is  remarkable  as  bemg  the  only  prepa- 
ration of  bismuth  Avhich  can  be  dissolved  in  water  without 

By  decomposing  its  solution  with  hydrosulphuric  acid,  the 
bismuth  may  be  precipitated  as  sulphide,  and  the  filtered 
solution,  after  evaporating  to  expel  excess  of  hydrosulphuric 
acid  mav  be  tested  for  citric  acid. 

Sitrale  of  Lime  is  a  white  powder  which  turns  red  htmus 
blue.  It  dissolves  sparingly  in  water,  but  readily  m  hydro- 
chloric acid.    Ammonia  precipitates  the  solution  only  when 

ferrocyanide  and  ferricyanide  of  potassium. 
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boiled.  When  heated  on  platinum,  it  is  charred  and  decom- 
posed, leaving  a  residue  of  carbonate  of  lime,  which  effer- 
vesces with  hydrochloric  acid. 

Citrate  of  Magnesia  is  a  crystalline  granular  salt,  which  is 
more  soluble  in  water  than  the  citrate  of  lime. 

The  so-called  "  granulated  effervescing  citrate  of  magnesia" 
is  often  composed  of  a  mixture  of  carbonate  of  soda  with 
citric,  or  occasionally  tartaric  acid,  which  do  not  act  upon 
each  other  until  water  is  added. 

1 60-  It  is  not  easy,  in  an  ordinary  qualitative  examina- 
tion, to  identify  malic  acid  with  certainty  by  any  positive 
test. 

The  crystallized  malic  acid  is  somewhat  deliquescent,  and 
dissolves  easily  in  water  and  alcohol.  When  heated  in  a 
tube,  it  fuses  easily,  and  is  afterwards  decomposed,  with 
effervescence,  evolving  very  pungent  vapours  of  fumaric 
and  malffiic  acids,  which  condense  in  crystals  upon  the  cool 
part  of  the  tube. 

161.  The  presence  of  uric  acid  may  be  confirmed  by 
the  test  given  in  column  2  of  Table  N. 

Uric  Acid  (or  lithic  acid)  itself  is  a  white  or  yellowish 
white  crystalline  powder,  which  dissolves  very  sparingly, 
even  in  boiling  water.  It  is  also  nearly  insoluble  in  hydro- 
chloric acid,  but  dissolves  on  boiling  in  dilute  nitric  acid, 
with  brisk  effervescence.  It  is  also  dissolved  when  heated 
with  a  moderately  strong  solution  of  potash,  and  is  repre- 
cipitated  from  this  solution  in  a  crystalline  state,  on  adding 
a  slight  excess  of  hydrochloric  acid. 

When  heated,  uric  acid  is  carbonized,  and  emits  vapotirs 
in  which  the  smell  of  ammonia  and  that  of  hydrocyanic  acid 
can  be  distinguished. 

On  platinum  foil,  uric  acid,  if  pure,  burns  without  residue- 
Strong  sulphuric  acid  does  not  blacken  uric  acid  to  any 
great  extent,  even  on  heating,  but  dissolves  it,  in  great 
measure  without  change.    On  allowing  the  solution  to  cool, 

I  2 
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and  adding  water,  the  greater  part  of  the  uric  acid  is  pre- 
cipitated. 

The  iiric  acid  deposited  from  urine  and  occurring  in 
urinary  calculi  is  often  coloiired  yellow  or  brown  by  colour- 
ing matters  derived  from  the  urine. 

The  urates  of  soda  and  ammonia  are  commonly  met  with 
as  deposits  from  urine,  coloured  yellow,  brown,  or  red,  by 
the  colouring  matters  of  that  excretion.  They  are  both 
dissolved  when  heated  with  water,  and  deposited  again  as 
the  solution  cools.  On  adding  hydrochloric  acid  to  the 
warm  solution,  crystalline  uric  acid  is  precipitated. 

Urate  of  Ammonia,  of  course,  evolves  the  smeU  of  am- 
monia when  boiled  with  potash. 

Urate  of  Soda,  vfhen  heated  on  platinum  foil,  leaves  a 
residue  of  carbonate  of  soda,  recognised  by  its  solubility  in 
water,  giving  a  strongly  alkaline  solution,  which  effervesces 
with  hydrochloric  acid. 

162.  Examples  for  Practice  in  Tables  K,  Ii,  M,  andN. 
—The  foUowing  substances  may  be  analysed  for  prac- 
tice (10)  :— 

Tannic  acid 
Gallic  acid 
Benzoic  acid 


Tartaric  acid 
Bitartrate  of  potash 
Tartar  emetic 
Acetate  of  lead 
TJric  acid 


Citric  acid 
Acetate  of  soda. 
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NOTES  TO  TABLE  O. 
1 64.  If  no  precipitate  is  formed  in  column  1,  the  original 
substance  must  be  examined  for  caffeine,  by  dissolving  it 
in  strong  nitric  acid,  and  adding  ammonia,  which  produces  a 
purple  colour. 

Caffeine  (or  Theine)  crystaUizes  in  needles,  which 
have  a  somewhat  bitter  taste,  and  dissolve  slightly  in 
cold  water,  but  entirely  in  boiling  water ;  the  solution  is 
neutral.  It  is  also  soluble  in  alcohol  and  ether.  Gently 
heated  in  a  tube,  caffeine  subUmes  in  fine  needles.  When 
boiled  with  potash  it  evolves  the  peculiar  fishy  odour  of 

methylamine.  i  •  -u  j- 

165.  Morphine  is  a  white  crystaUine  powder,  which  dis- 
solves sparingly  even  in  boiling  water,  yielding  a  bitter  solu- 
tion, which  is  alkaline  to  test-papers.  It  is  also  soluble  m 
alcohol,  but  not  in  ether. 

Strong  nitric  acid  colours  morphine  orange-yeUow,  and 
produces  a  similar  colour  in  solutions  containing  morphine. 

Perchloride  of  Iron  (ferric  chloride)  free  from  excess  of 
acid,  colours  morphine  inky  blue. 

The  hydrochlorate  (muriate),  meconate,  and  acetate  of 
morphine  are  easily  soluble  in  water.  By  mixing  the 
aqueous  solution  with  carbonate  of  soda,  and  stirring  briskly, 
the  morphine  is  precipitated,  and  may  be  collected  upon  a 
filter,  washed  with  cold  water,  and  tested  with  perchloride 
of  iron  or  with  nitric  acid. 

Meconate  of  Morphine  is  not  crystallizable. 
Acetate  of  Morphine  is  crystalline,  but  very  deliquescent 
Hydrochlorate  of  Morphine  is  crystaUme,  and  not  deli- 
quescent. ,     TT      J  T 
The  acids  may  be  detected  as  in  Tables  H  and  h. 
166.  Brucine  is  a  white  crystalUne  powder,  which  may 
be  dissolved  by  boiUng  water,  yielding  a  bitter  solution.  It 
also  dissolves  in  alcohol,  but  not  in  ether. 
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Strong  nitric  acid  gives  a  bright  red  solution  with  brucine, 
■  which  becomes  yellow  when  heated.    Protochloride  of  tin 
(stannous  chloride)  changes  the  yellow  colour  to  violet. 

If  brucine  be  dissolved  in  a  drop  or  two  of  diluted  hydro- 
.  chloric  acid,  and  ammonia  carefully  added,  an  oily  looking 
precipitate  of  brucine  separates,  which  afterwards  changes  to 
needle-like  crystals.  Excess  of  ammonia  dissolves  the  oily 
precipitate,  and  the  solution  deposits  the  needles  after  some 
time. 

167.  Strychnine  is  met  with  either  as  a  fine  white 
powder,  or  in  hard  prismatic  crystals.  It  is  scarcely  per- 
ceptibly dissolved,  even  by  boiling  water,  but  the  solution 
has  an  intensely  bitter  taste.  It  dissolves  rather  sparingly 
in  ordinary  alcohol,  and  is  insoluble  in  absolute  alcohol  and 
in  ether. 

If  strychnine  be  dissolved,  on  a  white  surface  of  porcelain, 
in  strong  sulphuric  acid,  and  stirred  with  a  few  particles  of 
binoxide  of  lead  (brown  oxide),  it  gives  a  dark  violet  purple 
colour,  quickly  changing  to  red. 

168.  Quinine  is  a  white  crystalline  powder,  which  is 
sparingly  dissolved  even  by  hot  water,  but  dissolves  easily  in 
alcohol.  Ether  does  not  dissolve  it  so  easUy.  Its  solution 
is  very  bitter,  and  is  alkaline  to  test-papers. 

K  quinine  be  dissolved  in  diluted  sulphuric  acid,  and  the 
solution  mixed  with  water  and  examined  by  daylight  in  a 
test-tube,  it  will  be  found  to  exhibit  a  very  pretty  shade  of 
blue  when  in  certain  positions,  though  it  appears  quite 
colourless  when  held  directly  between  the  eye  and  the  light. 

This  fluorescence  is  very  characteristic,  and  may  be  seen 
even  in  dilute  solutions. 

Sulphate  (or  basic  sulphate)  of  quinine  forms  very  light 
silky  needles,  which  are  very  bitter,  and  will  not  dissolve, 
even  in  boiling  water,  unless  a  little  sulphuric  or  hydrochloric 
acid  is  added. 

If  sulphate  of  quinine  is  adulterated  with  saligine,  it  as- 
sumes a  red  colour  when  moistened  with  strong  sulphuric  acid. 


120  NARCOTINE.  CINCHONINE. 

To  detect  the  presence  of  cinchonine,  the  sulphate  is 
shaken  in  a  test-tube  (or  small  stoppered  bottle)  ^v:th  am- 
monia and  ether,  when  pure  sulphate  o  «  -^^^^ 
dissolves,  the  solution  separating  into  two  layers;  whUst  any 
cinchonine,  being  insoluble  in  ether,  separates  on  the  surface 

of  the  lower  (aqueous)  layer.  ,  ^  „ 

169  Jvlofc  is  a  white  crystaUine  tasteleB,  robst^Bce, 
which  is  not  alkaline  to  moistened  test-papers.  It  is  mso- 
TubTe  in  water,  but  dissolves  in  aleobol  and  ether,  peldmg 

"Xhnric  acid,  to  which  a  trace  of  nitric  acid  has 
beL  adied,  dissolves  narcotine  to  an  intensely  red  h-jntd,  the 
colour  of  which  is  destroyed  by  more  nitnc  add 

170  Cindmdne  is  white,  crystaUme,  and  sbghtly  bitter. 
It  is  almost  insoluble  in  water,  but  dissolves  m  alcohol,  yield. 
W  a  bTtter  solution  which  has  au  alkaline  reaction.  Ether 
di  not  dissolve  it.  When  dissolved  in  sulphuric  acid  arf 
held  with  peroxide  of  lead,  it  gives  a  red  colour  Gently 
hea  dTn  a  tube,  cinchonine  fuses,  emits  a  peculiar  tarry 
aloniacal  odou;,  and  yields  a  sublimate  of  shimng  needles 
on  the  cooler  part  of  the  tube. 

If  cinchonine  be  dissolved  in  as  little  dilute  l^ydrochloric 
1  r  possible,  the  solution  gives,  with  ferrocyamde  of 
.sil  a  yeU  w  precipitate,  which  dissolves  when  warmed 
'~;h?excess'of  th'e  ferrocyanide,  and  is  deposit^  m 

crytaf  whici  fuse  when  heated,  and  yield  a  fine  red  colour- 
ing matter,  as  well  as  an  aromatic  odour. 

171.  Examples  for  Practice  in  Tahle  O-The  following 
substances  may  be  examined  for  practice  (10)  :- 

Strycbnme  ' 
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EXERCISE  X.— (See  (234)  for  Examples  for  Practice.) 

172.  Identification  of  the  more  Common  Organic 

Substances.* 

1.  Solid  Organic  Substances. 
A.  Characterized  hy  Colour. 

173.  Indigo. — Dark  blue.    Insoluble  in  water,  alcoliol, 

and  ether. 

Heated  in  a  tube  (17),  yields  violet  vapours, 
condensing  to  coppery-red  scales. 

Strong  sulphuric  acid  slowly  dissolves  indigo, 
when  heated,  giving  a  blue  solution,  which  is 
changed  to  brown  yellow  by  nitric  acid. 

Shaken  in  a  corked  tube  with  sulphate  of  iron 
(ferrous  sulphate)  and  slaked  lime,  and  allowed 
to  settle,  indigo  dissolves  to  a  yellow  solution 
(reduced  indigo),  which  becomes  blue-green 
when  decanted  and  shaken  with  air. 
174-  Picric  or  Carhazotic  Acid. — Yellow  crystals.  Very 
bitter.    Stains  the  skin  yellow. 

Water  dissolves  it  sparingly.  Bright  yellow 
solution. 

Alcohol  dissolves  it  easily.  The  solution  gives 
a  yellow  crystalline  precipitate  when  stirred 
with  a  little  potash. 

Heated  in  a  tube,  fuses,  and  sometimes  ex- 
plodes shghtly. 

Strong  sulphuric  acid  dissolves  it,  and  deposits 
it  unchanged  on  addition  of  water. 

Heated  with  solution  of  chloride  of  lime 
(bleaching  powder),  it  evolves  a  very  pungent 
odour  like  oil  of  mustard,  due  to  chloropicrine. 


•  Excluding  those  which  are  treated  of  in  Exercises  8  and  9. 
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CARBOLIC  ACID  OR  PHENOLE. 


175.  Caramel— Bark  brown.    Deliquescent.  Slightly 

bitter. 

Very  soluble  in  water,  dark  brown  solution. 

Sparingly  soluble  in  strong  alcobol. 

Heated  in  tube,  carbonizes,  and  emits  the  odour 

of  burnt  sugar. 
Strong  sulphuric  acid  carbonizes  it. 

B.  Characterized  by  Odour. 

176.  Carbolic  Acid  (Phenic  Acid)  ;  PJienole. 

Moist  needle-like  crystals;   colourless  or  pale 
brown. 

Powerful  odour  of  coal-tar.    Very  easily  melted. 
Water  dissolves  it  sparingly.    Easily  soluble  in 
potash. 

Alcohol  dissolves  it  readily. 

Perchloride  of  iron  (ferric  chloride)  gives  a  dark 
purple-blue  colour  with  the  aqueous  solution 
of  carbolic  acid. 

Dropped  into  strong  nitric  acid,  carbolic  acid 
is  oxidized  with  gi-eat  violence,  yielding  a  red 
solution ;  if  this  be  boiled  and  allowed  to  cool, 
it  deposits  prismatic  crystals  of  picric  acid 
which  may  be  identified  by  (174). 

C.  Without  Characteristic  Colour  or  Odour. 
Examine  by  Table  P. 


TABLE  P. 
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CANE  AND  GRAPE  SUGARS. 


NOTES  TO  TABLE  P. 

178.  The  commonest  organic  substances  which  are  dis- 
solved to  any  considerable  extent  by  being  shaken  with  cold  . 
water  are —  [ 

Cane-sugar  I  Pyrogalline  (or  pyrogallic  acid)  ' 
Grape-sugar  (or  glucose)  Salicine 

Milk-sugar  (or  lactine)             |     Urea  . 

Soluble  albumen.  i 

179.  Cane-sugar  identified.. 

Add  to  the  solution  a  few  drops  of  sulphate  of 
copper,  and,  drop  by  drop,  potash.  The  blue 
precipitate  first  produced  redissolves  in  the  ex- 
cess of  potash,  to  a  blue  liquid.  Boil  for  some 
minutes,  suboxide  of  copper  (cuprous  oxide)  is 
deposited,  first  as  a  yellow  hydrate,  afterwards 
as  the  red  anhydrous  oxide. 

To  another  part  of  the  solution,  add  excess  of 
potash  and  boil,  only  a  light  brown  colour 
should  be  produced. 

Heat  a  portion  of  the  solid  substance  with  strong 
sulphuric  acid,  which  shoiild  carbonize  it 
almost  immediately. 

To  a  part  of  the  aqueous  solution,  add  a  few 
drops  of  dikite  hydrochloric  acid,  and  boil 
for  a  few  minutes ;  the  cane-sugar  is  thus  con- 
verted into  grape-sugar,  which  may  be  identi- 
fied by  the  following  tests. 
180-  Grape-sugar  identi&ed. 

Add  to  the  solution  an  excess  of  potash,  and 
boil  The  liquid  should  assume  a  rich  brown 
colour. 

To  another  part  of  the  solution,  add  a  few  drops 
of  sulphate  of  copper,  and,  drop  by  drop, 


MILK-SUGAR.  UREA. 
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potash.  The  blue  precipitate  first  produced 
redissolves  in  the  excess  of  potash,  to  a  blue 
liquid,  which  deposits  suboxide  of  copper  when 
heated  (at  first  yellow  and  afterwards  red) 
more  readily  than  in  the  case  of  cane-sugar. 

Heat  a  portion  of  the  solid  substance  with  strong 
sulphuric  acid ;  it  shoiild  not  carbonize  so 
readily  as  cane-sugar. 

Grape-sugar  is  much  less  sweet  than  cane- 
sugar.* 

181.  Milk-sugar  identified. 

Very  much  less  sweet  than  either  cane  or  grape- 
sugar. 

Almost  insoluble  in  ordinary  alcohol,  which  dis- 
solves cane  or  grape-sugar  on  heating. 

Answers  to  the  same  tests  as  grape-sugar. 
182-  Urea  identified. 

Prismatic  crystals.    Eesembles  nitre  in  appear- 
ance and  taste. 
Very  soluble  in  water  and  alcohol. 
Heated  in  a  tube,  melts  easily,  and  evolves  mucB 
ammonia. 

A  pretty  strong  aqueous  solution  of  urea,  stirred 
with  concentrated  nitric  acid,  and  allowed  to 
stand,  deposits  scaly  crystals  of  nitrate  of  urea. 

If  a  strong  solution  of  oxalic  acid  be  substituted 
for  nitric  acid,  crystals  of  oxalate  of  urea  are 
deposited. 

If  a  solution  of  urea  be  acidulated  with  hydro- 
chloric acid,  and  carefully  evaporated  jixst  to 
dryness,  a  residue  of  cyanuric  acid  is  left  which 
is  sparingly  soluble  in  water. 

*  Sugar  of  fruits  (fructose  or  uucrystallizable  sugar)  answers  to  the 
same  tests  as  grape-sugar. 


126  PYIIOGALLINE.  SALICINE. 

183.  PyrogalUc  acid  identified. 

White  or  slightly  brown  crystalline  powder. 
Often  collected  into  feathery  flakes.  Bitter. 
Very  light.  Dissolves  easily  in  water,  alcohol, 
and  ether. 

Potash  renders  it  intensely  brown,  oxygen  being 
absorbed  from  the  air. 

Poiired  into  a  mixture  of  lime  and  water,  solu- 
tion of  pyrogaUic  acid  gives  a  transient  purple 
colour. 

Sulphate  of  iron  (ferrous  sulphate)  colours  solu- 
tion of  pyrogallic  acid  dark  blue,  becoming 
green  when  exposed  to  air. 

Perchloride  of  iron  (ferric  chloride)  gives  a  fine 
.red  colour  with  solution  of  pyrogalhc  acid. 

184-  Salicine  identified. 

White  crystalline  powder.  Bitter. 

More  soluble  in  alcohol  than  in  water.  Insoluble 

in  ether.  .  . 

Concentrated  sulphuric  acid  converts  it  into  a 

blood-red  resinous  mass. 
Its  aqueous  solution,  boiled  for  some  time  with 

hydrochloric  acid,  yields  a  granular  precipitate 

of  saliretine. 
laS   SolvMe  Alhmen  identi&ed. 

Yellowish  white  shining  scales.  Tasteless. 
Assumes  the  appearance  of  gum  in  cold  water 
Becomes  opaque  and  insoluble  when  boiled  with 

The  solution  of  albumen  in  cold  water  is  coagu- 
lated by  boiling. 

Dilute  nitric  acid  precipitates  it.  ,       ,  . 

Perchloride  of  mercury  (corrosive  sublimate) 
causes  a  white  precipitate. 
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186.  The  commonest  neutral  organic  substcances  which 
are  not  dissolved  by  cold  water,  but  dissolve  in  boiling  water 
are — 


Gelatine 

Soap 
Gum 


Dextrine  or  British  gum 
Starch 

Oxalate  and  nitrate  of  urea. 


187.  jStarcA  identified. 

White ;  tasteless. 

Forms  a  paste  when  boiled  with  a  small  quantity 
of  water  5  even  with  much  water,  yields  a  tur- 
bid solution. 

Boiled  for  some  time  with  dilute  hydrochloric 
acid,  the  solution  becomes  thinner,  and  answers 
to  the  tests  for  grape-sugar  (180). 

Solution  of  iodine  in  water,  added  to  the  (cold) 
solution  of  starch,  gives  a  fine  blue  colour 
which  disappears  on  boiling,  and  retui'ns  as  the 
liquid  cools.    Potash  destroys  the  blue  colour. 

1 88.  Dextrine  identified. 

Yellowish ;  tasteless.  Behaves  like  gum  with 
cold  water. 

Boiled  for  some  time  with  dilute .  hydrochloric 
acid,  the  solution  answers  to  the  tests  for 
grape-sugar  (180). 

Solution  of  iodine  does  not  give  the  blue  colour. 

Tribasic  acetate  of  lead  (or  ammoniacal  acetate 
of  lead)  does  not  precipitate  the  solution  of 
dextrine,  which  is  thereby  distinguished  from 
ordinary  gum. 

1 89-  Gum  identified. 

Answers  to  the  same  tests  as  dextrine,  but  its 
solution  is  precipitated  by  tribasic  acetate  (or 
ammoniacal  acetate)  of  lead. 


128 


GELATINE.  STEARINS. 


190-  Gelatine  identified. 

Tasteless.    Its  solution  in  hot  water  sets  to  a 

jelly  on  cooling. 
Perchloride  of  mercury  (corrosive  sublimate) 

precipitates  it. 
Tannic  acid  precipitates  it. 

191.  Soap  may  be  identified  by  tlie  directions  given  at 
pp.  64  and  69. 

192.  Oxalate  and  nitrate  of  urea  crystaUize  readily  from 
their  aqueous  solutions  on  cooling. 

The  oxalic  and  nitric  acids  may  be  detected  by  the  tests 

given  in  Table  H. 

By  adding  carbonate  of  baryta  to  the  aqueous  solution, 
evaporating  to  dryness  on  a  water-bath  (231),  and  treating 
the  residue  with  alcohol,  the  urea  is  dissolved,  and  may  be 
obtained,  by  evaporation,  in  crystals  which  can  be  identified 
as  in  (182). 

193.  The  commonest  organic  substances  which  are  in- 
soliible  in  water,  but  dissolve  in  hot  alcohol  are— 


Stearine 
Palmitic  acid 
Rosin 


Stearic  acid 

Cholest'erine 

Naphthaline. 


1 94.  Stearine  identified. 

White ;   crystalline ;   fuses  in  water  heated  to 

160°  F.  (71°  C.) 

Dissolves  in  boUing  alcohol,  but  not  with  extreme 
facility  :  deposited  again  on  cooling. 

Boiled  with  potash,  forms  at  first  a  milky  emul- 
sion, and  gradually  dissolves,  yielding  a  solu- 
tion of  soap,  p.  64. 

Heated  on  platinum  or  porcelain,  evolves  the 
characteristic  pungent  fumes  of  acroleine,  and 
burns  with  a  luminous  flame. 
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195-  Stearic  acid  identified. 

White;  crystalline;  fuses  in  water  heated  to 
160"^  F.  (71°  C). 

Dissolves  very  easily  in  boiling  alcohol ;  the  so- 
lution reddens  litmus. 

Potash  speedily  dissolves  it,  yielding  a  solution 
of  soap  (191). 

"When  heated,  it  does  not  evolve  the  pungent 
fumes  of  acroleine.  It  burns  with  a  luminous 
flame. 

196.  Palmitic  acididenti&ed. 

White ;  crystalline ;    fuses  in  water  heated  to 

144°  F.  (62°  C). 
In  other  respects  resembles  stearic  acid. 

197-  Cliolesterine  identified. 

Transparent  tabular  crystals;  infusible  even  in 

boiling  water. 
Dissolves  easily  in  boiling  alcohol,  and  crystallizes 

out  in  rhombic  plates. 
Not  changed  by  boiling  with  potash. 
Fuses  easily  when  heated  (to  293°  F.),  and  passes 
ofi"  in  vapour,  which  burns  with  a  luminous 
flame. 

Rosin  identified. 
Semi-transparent  yellow  or  brown  solid,  smelling 

of  turpentine. 
Dissolves  in  boiling  alcohol ;  the  solution  deposits 

small  crystals  (of  sylvic  acid)  as  it  cools. 
Dissolves  in  boiling  potash,  and  is  reprecipitated 

in  soft  solid  flakes  by  hydrochloric  acid. 
Fuses  easily  (at  260°  or  270°  F.)  and  burns  with 
a  very  smoky  flame. 

E 


198. 
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USE  OF  ETHER. 


199.  Naphthaline  identified. 

Transparent  flaky  crystals  smelling  strongly  of 

coal-gas. 

Fuses  in  hot  water  (at  174°  F.,  79°  C). 
Burns  with  a  very  smoky  flame. 
Not  changed  by  boiling  with  potash. 
Heated  in  a  dry  test-tube,  sublimes  in  crystals. 
200  The  inflammability  of  ether,  and  the  readiness 
with  which  it  is  converted  into  vapour,  render  it  necessary  to 
be  very  careful  in  using  it. 

Never  bring  a  bottle  of  ether  within  two  or  three  feet  of  a 

Replace  the  stopper  immediately. 

In  boiling  a  substance  with  ether, 
do  not  employ  a  flame,  but  place  the 
test-tube  in  some  hot  water,  and 
close  the  orifice  lightly  with  the  finger 
in  order  to  restrain  the  escape  of  va- 
pour.   (Kg.  55.) 

201.  The  commonest  organic  sub- 
stances which  are  insoluble  in  water, 
and  sparingly  dissolved  by  alcohol, 
but  soluble  in  boiling  ether,  are— 


Fig.  55. 


Palmitine 

Spermaceti  or  cetine 


Wax 
Paraffine. 


202.  ■Pa^™^^"^  i"^^^*^^®^"  •,  1 

White;   crystalline;  fuses  in  water  heated  to 

145°  F.  (63°  C). 

Behaves  in  other  respects  like  stearme  (194)  ex- 
cept as  to  its  solubility  in  alcohol. 
203   Spermaceti  identified. 

Characteristic   pearly   crystaUine  appearance. 
Fuses  in  water  heated  to  120°  F.  (49°  C). 

Boiling  Avith  potash  does  not  saponify  it. 

Does  not  evolve  the  pungent  vapours  of  acroleme 
when  heated,  thus  differing  from  palmitme. 
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204.  Wax  identified. 

White  or  yellow ;  not  distinctly  crystalline. 
Fuses  in  water  lieated  to  145°  or  150°  P.  (63°  or 
66°  C). 

Boiled  with  alcohol,  is  partly  dissolved.  When 
the  solution  cools,  cerotic  acid  crystallizes  out, 
which  fuses  in  water  heated  to  174°  F.  (79°  C). 
The  alcoholic  solution  reddens  litmus.  When 
evaporated  on  a  water-bath,  it  leaves  cero- 
leine,  a  greasy  substance  of  peculiar  odour, 
fusible  at  83°  F.  (28°  C). 
Wax  is  little  affected  by  boiling  with  potash. 
205-  Paraffine  identified. 

White,  crystalline  ;  resembles  spermaceti ;  fuses 

in  water  heated  to  112°  F.  (44°  C). 
Very  sparingly  soluble  in  alcohol. 
Unaffected  by  boiling  with  potash. 
May  be  distilled  with  little  decomposition,  which 
is  not  the  case  with  wax. 
20G-  The  commonest  organic  substances  which  are  in- 
;  soluble  in  boiling  water,  alcohol,  and  ether,  and  which  cannot 
be  distinguished  by  their  organized  structure,*  are — 
Albumen  |  Caseine. 

Albumen  and  Caseine,  in  their  coagiilated  or  insoluble  states, 
:  so  nearly  resemble  each  other,  that  no  satisfactory  test  can  be 
!  given  by  which  they  may  be  distinguished. 

They  are  both  white  and  opaque  in  the  moist  state,  be- 
1  coming  horny,  yellowish,  and  translucent  when  dried. 

Dried  Albumen  and  Caseine,  placed  in  water,  slowly  soften, 
I  swell,  and  become  white  and  opaque. 

Heated  in  a  tube,  they  carbonize,  swell  up,  and  emit  very 
I  offensive  vapours,  which  are  strongly  alkaline  to  reddened 
'.  litmus  paper. 

*  Such  substances  as  fibrine,  cellulose,  lignine,  hair,  silk,  wool, 
Ihorn,  &c.,  would  always  be  recognised  without  having  recourse  to 
'  chemical  tests. 

K  2 
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ALBUMEN.  CASEINE. 


Strong  nitric  acid  colours  them  bright  orange,  and  gradually 
dissolves  them  when  heated. 

Solution  of  nitrate  of  mercury,  prepared  by  dissolving  2 
parts  of  mercury  in  4  parts  of  nitric  acid  (sp.  gr.  1-40),  im- 
parts a  bright  red  colour  to  albumen  and  caseine  (Millon's 
test). 

Potash  dissolves  albumen  and  caseine  when  heated ;  acetic 
acid,  gradually  added  to  the  solution,  causes  a  flocculent  pre- 
cipitate which  is  redissolved  by  an  excess  of  the  acid. 

If  albumen  or  caseine  be  boiled  with  potash,  and  a  few 
drops  of  solution  of  acetate  of  lead,  a  dark  precipitate  of  sul- 
phide of  lead  is  produced. 

Strong  hydrochloric  acid  slowly  dissolves  albumen  and 
caseine  with  the  aid  of  heat,  yielding  solutions  which  have  a 
violet  colour. 
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ALCOHOL.  WOOD-SPIRIT. 


NOTES  TO  TABLE  Q. 

208.  The  commonest  liquid  organic  substances  (not  dis- 
tinguishable by  the  preceding  Tables)  which  have  a  distinct 
odour,  and  mix  easily  with  water,  are — 


Alcohol 

Aldehyde 

Acetone 


Wood  spirit  (methylic  alcohol) 

Nicotine 

Butyric  acid. 


209-  Alcohol,  or  Sjnrit  of  Wine  (which  is  a  mixture  of 
alcohol  and  water),  may  often  be  recognised  at  once  by  its 
odour. 

If  not  too  much  diluted,  it  inflames  readily,  and  bums  with 
a  pale  flame. 

If  much  water  be  present,  it  may  be  separated  either  by 
carbonate  of  potash  (226),  or  by  distillation  (227). 

When  alcohol,  even  in  a  diluted  state,  is  mixed  with  enough 
chromate  or  bichromate  of  potash  to  colour  it  distinctly,  a  little 
hydrochloric  acid  added,  and  heat  applied,  the  red  colour  of 
the  solution  is  changed  to  green,  in  consequence  of  the  reduc- 
tion of  the  chromic  acid  to  chromic  oxide  by  the  deoxidizing 
effect  of  the  alcohol,  a  part  of  which  is  converted  into  alde- 
hyde, distinguishable  by  its  peculiar  odour. 

By  heating  alcohol  with  some  strong  sulphuric  acid  and  an 
acetate  (either  acetate  of  potash,  soda,  or  lead),  the  very 
agreeable  odour  of  acetic  ether  is  developed. 

210.  Methylated  Spirit  (a  mixture  of  spirit  of  wine  with 
wood  spirit)  may  be  distinguished  fi-om  pure  spirit  of  wine  by 
its  odour,  and  by  the  brown  red  colour  wliich  it  assumes 
when  mixed  with  strong  sulphuric  acid. 

211-  Wood-spirit  (wood-naphtha,  pyroligneous  ether, 
pyroxylic  spirit)  is  not  commonly  met  with  in  commerce  in 
a  pure  state,  in  which  form  it  bears  much  resemblance  to 
ordinary  alcohol.  The  ordinary  wood-spirit  has  a  yellowish 
colour  and  a  peculiar  nauseous  odour.    When  mixed  with 
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•  water,  it  becomes  turbid,  from  the  separation  of  certain  oily 
;  impurities. 

Wood-spirit  bm-ns  with  a  pale  flame  resembling  that  of 
,  alcohol. 

Potash  immediately  imparts  a  brown  coloiir  to  wood- 
!  spirit,  an  effect  not  produced  with  alcohol  until  some  time 
:  has  elapsed. 

212.  Acetone  mskj  be  recognised  by  its  peculiar  odour 
(which  may  be  ascertained  by  heating  solid  acetate  of  lead 
in  a  small  tube).  It  differs  also  from  alcohol  and  wood- 
spirit  by  burning  with  a  very  luminous  flame. 

213.  Aldehyde  has  a  very  peculiar  acrid  apple-like 
smell,  which  affects  the  eyes.  When  exposed  to  the  air,  it 
passes  off  in  vapour  much  more  readily  than  alcohol,  wood- 

I  spirit,  or  acetone,  first  becoming  acid  from  absorption  of 
oxygen. 

If  aldehyde  be  added  to  nitrate  of  silver  mixed  with  a 
very  little  ammonia,  the  metal  is  reduced  on  the  application 
of  heat,  and  forms  a  mirror-like  coating  upon  the  side  of  the 
tube. 

Potash  imparts  a  brown  colour  to  aldehyde.  Aldehyde 
is  very  inflammable,  and  burns  with  a  pale  flame. 

214.  Nicotine  is  an  oily  liquid,  tinged  brown  by  ex- 
posture  to  air,  and  having  a  powerful  odour  of  tobacco. 

Its  aqueous  solution  is  strongly  alkaline  to  test-papers. 
When  the  aqueous  solution  is  acidulated  with  hydrochloric 
acid,  mixed  with  bichloride  of  platinum,  and  allowed  to 
stand,  it  deposits  a  precipitate  composed  of  very  distinct  pris- 
matic crystals. 

Nicotine  is  inflammable,  and  burns  with  a  smoky  flame. 

215.  Butyric  Acid  i?,  a  colourless  liquid,  having  a  most 
powerful  smell  of  rancid  butter.  It  is  somewhat  lighter 
than  water,  in  which  it  dissolves  when  shaken.  If  strong 
hydrochloric  acid  be  added  to  the  aqueous  solution,  the 
butyric  acid  separates  again  as  an  oil  upon  the  surface. 

When  butyric  acid  is  shaken  with  alcohol  and  oil  of 
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vitriol,  butyric  ether  is  formed,  which  is  recognised  by  its 
odour  of  pine-apple. 

216.  The  commonest  liquid  organic  substances  (not  dis- 
tinguishable by  the  preceding  Tables)  wliich  have  a  distinct 
odour,  do  not  mix  easily  with  water,  but  are  miscible  with 
potash,  are — 

Carbolic  acid  (in  its  liquid  form)   |        Valerianic  acid. 

217.  Liquid  Carbolic  Acid  is  usually  met  with  as  a 
brownish  or  brown  Hquid,  having  a  powerful  smeU  of  tar. 
When  poured  into  water,  it  sinks  to  the  bottom. 

It  may  be  further  examined  as  at  (176). 

218.  Valerianic  Acid  is  a  colourless  oUy  liquid,  which 
floats  upon  water,  and  has  a  powerful  odour  resembling  that 
of  valerian  root. 

219.  Aniline  is  usuaUy  met  with  as  a  yellowish  or  brown 
oily  Uquid,  having  a  strong  smell  recalling  that  of  ammonia. 
It  sinks  in  water. 

Solution  of  chloride  of  Ume  added  in  excess  to  a  drop  of 
aniline  shaken  with  water,  produces  an  intense  purple  colour. 

If  toluidine  be  present,  as  is  generaUy  the  case  with  com- 
mercial anihne,  the  purple  colour  passes  into  brown  ;  but  if 
the  mixture  be  shaken  with  ether,  the  latter  wiU  rise  to  the 
surface,  carrying  a  red-brown  colouring  matter  with  it,  and 
leaving  the  solution  of  a  fine  blue  colour. 

Deal  is  stained  yellow  by  aniline. 

OxaUc  acid  combines  with  aniline  to  form  a  sparingly 
soluble  oxalate. 

Corrosive  sublimate  (mercuric  chloride)  in  the  solid  form, 
heated  with  anihne,  converts  it  into  a  dark  purple  mass 
which  yields  a  magenta-red  solution  in  alcohol. 
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220-  The  commonest  liquid  organic  substances  (not  dis- 
•  tinguishable  by  the  preceding  Tables)  which  have  a  distinct 
>  odour  and  do  not  mix  easily  with  water,  potash,  or  hydro- 
chloric acid,  are — 

Ether  Oil  of  bitter  almonds 

Chloroform  Nitrobenzole 
Benzole  Bisulphide  of  carbon. 

221.  Ether  may  be  identified  almost  with  certainty  by  its 
odour. 

It  is  colourless,  very  easily  inflammable,  and  burns  with  a 
bright  flame. 

Ether  very  easily  passes  oiF  in  vapour  when  exposed  to 
■  the  air,  so  that  when  the  mouth  of  a  test-tube  which  contains 
i  ether  is  applied  to  a  light,  the  vapour  takes  fire,  and  burns 
:  at  the  mouth  of  the  tube  if  the  latter  be  slightly  inclined. 

Ether  boils  at  a  temperature  (94°-8  F.,  35°  C.)  which  feels 
:  scarcely  warm  to  the  hand. 

Oil  or  fat  of  any  kind  dissolves  very  easily  in  ether. 

222-  Chloroform  is  a  colourless,  very  fragrant  liquid, 
which  sinks  in  water  (sp.  gr.  1'5). 

It  easily  escapes  in  vapour  when  exposed  to  air,  and  boils 
at  142°  F.  (61°  C). 

Chloroform  dissolves  india-rubber  with  great  facihty. 

When  chloroform  is  gently  heated  with  a  solution  of 
hydrate  of  potash  in  alcohol,  it  yields  chloride  of  potassium 
and  formiate  of  potash.  The  former  may  be  recognised  by 
the  white  precipitate  with  nitrate  of  silver,  insoluble  in  nitric 
acid,  and  the  latter  by  neutralizing  the  alkaline  liquid  with 
dilute  sulphuric  acid,  adding  an  excess  of  nitrate  of  silver, 
decanting  the  liquid  from  the  precipitate,  and  gently  heating 
it,  when  metallic  silver  will  be  separated  as  a  dark  pre- 
cipitate. 

The  tests  for  ascertaining  the  purity  of  the  chloroform  em- 
ployed in  surgical  operations,  are  the  following  : — 
It  should  be  quite  free  from  any  odour  of  chlorine. 
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When  shaken  with  water,  the  solution  should  not  redden 
blue  litmus  paper,  or  produce  any  turbidity  with  nitrate  of 
silver. 

When  shaken  with  oU  of  vitriol,  the  mixture  should  re- 
main colourless. 

On  evaporating  a  little  chloroform  on  the  hand,  it  should 
not  leave  any  unpleasant  odour. 

223-  Oil  of  Bitter  Almonds  has  a  very  characteristic 
smell,  a  yellowish  coloiir,  and  sinks  in  water. 

When  heated  with  soUd  hydrate  of  potash,  it  yields  ben- 
zoate  of  potash.  If  the  cooled  mass  be  dissolved  in  water, 
and  hydrochloric  acid  added  to  the  solution,  benzoic  acid  is 
precipitated  (154). 

As  sold  in  the  shops,  the  oil  of  bitter  almonds  is  often 
dissolved  in  spirit  of  wine,  from  which  it  is  separated  on 
adding  water. 

224-  NitrohenzoUj  or  Essence  of  Mirhane,  much  resem- 
bles oil  of  bitter  almonds  in  appearance  and  odour,  but  may 
be  easily  distinguished  from  it  by  converting  it  into  aniline. 

For  this  purpose,  the  nitrobenzole  is  dissolved  in  alcohol, 
some  hydrochloric  acid  added,  and  a  fragment  of  granulated 
zinc.  When  the  evolution  of  hydrogen  has  nearly  ceased, 
the  liquid  is  mixed  with  excess  of  potash  and  shaken  with 
ether,  which  dissolves  the  aniline.  WTien  the  ether  has  risen 
to  the  surface,  it  is  poured  off  into  a  small  dish,  and  allowed 
to  evaporate  spontaneously,  when  the  aniline  wiU  remain, 
and  may  be  identified  as  at  (219). 

225.  Benzole,  or  Benzine,  is  a  colourless  liquid  which 
smells  strongly  of  coal-gas. 

It  floats  on  water,  is  very  inflammable,  and  burns  with  a 
luminous  smoky  flame. 

When  added,  drop  by  drop,  to  the  strongest  nitric  acid, 
benzole  is  dissolved,  with  evolution  of  much  heat  and  red 
fume,  to  a  red  liquid,  and  if  this  be  poured  into  a  large  volume 
of  water,  a  heavy  oil  is  separated,  which  is  nitrobenzole,  and 
may  be  identified  as  described  above  (224). 
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Bisulphide  of  Carbon  is  a  colourless  or  yellowisli  liquid 
which  sinks  in  water  and  has  a  most  offensive  smell.  It  is 
extremely  inflammable,  and  burns  with  a  blue  flame  emitting 
a  powerful  odour  of  sulphurous  acid.  If  a  few  drops  be 
placed  in  a  watch-glass,  and  blown  upon,  it  will  evaporate 
very  rapidly,  condensing  the  moisture  upon  the  glass  into 
■white  hoar  frost. 

226-  Removal  of  water  from  alcohol  by  carbonate  of  potash. 
— Pour  the  liquid  into  a  large  test-tube,  or  a  draught-bottle 
furnished  with  a  good  cork,  so  that  the  tube  or  bottle  may  be 
about  half  filled.  Introduce  dried  powdered  carbonate  of 
potash,  in  small  portions,  shaking  well  after  each  addition,  as 
long  as  it  dissolves  in  the  liquid.  If  alcohol  be  present,  it 
■will  form  a  separate  layer  upon  the  surface  of  the  solution 
of  carbonate  of  potash  in  ■water.  Pour  off  this  layer  carefully 
into  another  tube,  and  dip  a  glass  rod  in  it  to  test  its  inflam- 
mability. It  may  then  be  examined  by  other  tests  for 
alcohol. 

227-  Separation  of  alcohol  and  water  by  distillation. — 
To  separate  alcohol  from  water  by  distillation,  the  mixture 
must  be  maintained  for  some  time  at  a  temperature  below 
212°  P.  (100°  C),  when  the  alcohol  vrill  rise  in  vapour  much 
more  readily  than  the  water,  and  if  the  first  portions  of  vapour 
be  condensed  and  collected  in  another  vessel,  they  will  be 
found  to  contain  the  chief  part  of  the  alcohol 
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Distillation. — The  best  form  of  apparatus  for  distillation  is 
that  represented  in  fig.  5  6,  where  a  represents  a  Itetoi't,  through 
the  tubulus  (b)  of  which  a  thermometer*  (c)  is  fixed  by  means 
of  a  perforated  cork  (228)  so  that  the  bulb  of  the  thermo- 
meter nearly  touches  the  bottom  of  the  retort.    The  neck  of 
the  retort  is  thrust  into  the  inner  tube  (d)  of  a  Liebig's  con- 
denser, through  the  outer  tube  (e)  of  which  a  constant  flow  of 
water  is  maintained  by  means  of  the  pipes  /  (which  comea 
from  the  tap)  and  g  (which  runs  into  the  sink).    These  pipes 
are  vulcanized  india-rubber,  and /is  shpped  on  to  a  piece  of 
gas-pipe  or  glass  tube  (/i)  bent  into  a  hook,  so  as  to  hang 
upon  the  funnel  («)•    The  joint  {7c),  where  the  retort  neck  is 
fitted  into  the  condensing  tube,  is  secured  by  a  tight  bandage 
made  by  warming  a  piece  of  sheet  india-rubber  about  four 


Fig.  56. 


Pig.  67. 


Distillation. 

inches  long  and  one  broad,  securing  one  end  of  it  with 
the  thumb  over  the  joint,  and  stretching  it  very  con- 
siderably whilst  binding  it  round  the  tubes  (fig.  58). 
The  condensed  Hquid  drops  into  the  bottle  (»0,_  wHch 
may  be  changed  when  necessary  without  disturbing  the 
apparatus,   


*  Fig.  57  represents  the  thermometer  adapted  for  this  pur- 
pose. 


Themo- 
jneter. 


DISTILLATION. 
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Fio.  68. 


Fio.  59. 


Heat  is  gradually  applied  to  tHe 
retort,  either  by  a  rose  gas-burner 
(fig.  59),  or  a  plain  ring  burner 
(fig.  60),  or  an  Argand  burner  with 
a  chimney  (fig.  32,  p.  72). 

Since  alcohol  boils  at  173°  F. 
(78°'3  C),  a  rough  estimate  of  the 
proportion  of  alcohol  present  may 
be  formed  fi-om  the  quantity  of  li- 
quid which  distils  over  at  a  few  de- 
grees above  that  temperature,  and 
the  distillation  may  be  stopped 
when  the  thermometer  approaches  212°  F.  (100°  C),  and  the 
taste  and  smell  of  the  liquid  distilling  over  {distillate)  indi- 
cate the  presence  of  very  little  alcohoL 

Where  such  an  apparatus  as  that  just  described  is  not  to 
be  obtained,  some  simpler  contrivance  must  be  substituted 
for  it. 


Eose  burner. 
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A  plain  retort  (a,  fig.  60)  with  a  long  neck  may  be  cm- 
ployed,  and  any  common  bottle  (&)  will  serve  for  a  receiver. 


Fm.  60. 


D.stilliiLiou. 

To  promote  condensation,  a  long  strip  of  filter-paper  (c)  may 
be  wetted  and  wrapped  smootbly  round  the  neck,  a 
Via.  61.  string  of  wet  tow  (cZ)  being  passed  twice  round  the 
neck  at  the  lower  edge  of  the  paper,  and  twisted 
tightly  into  a  tail  to  carry  off  the  water,  which  may 
either  be  gently  poured  from  time  to  time  upon  the 
upper  part  of  the  paper,  or  allowed  to  trickle  slowly 
from  a  funnel  (e),  the  neck  of  which  is  partly  stopped 
with  tow.  A  tube-funnel  (fig.  61)  is  employed  for 
introducing  the  liquid  into  the  retort  without  soiUng 
the  neck. 

A  flask  with  a  bent  tube  (229),  tightly  fitted  into 
it  with  a  perforated  cork  (228),  may  be  employed 
instead  of  a  retort.  One  limb  of  this  tube  may  be  20 
or  30  inches  long,  to  ensure  condensation,  or  it  may 
be  adapted,  either  by  a  perforated  cork  or  a  caoutchouc 
bandage,  to  a  wider  tube  of  considerable  length  (fig.  62). 
A  convenient  support  for  this  tube  is  made  by  fixing  a  per- 


Tube 
faunel. 


TO  PERFORATE  CORKS. 
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:  forated  bung  into  the  ring  of  a  retort-stand  turned  round  into 
I  the  required  position. 


Fig.  62. 


Distillation  in  a  flask. 

228-  To  perforate  corks. — Smooth  cylindrical  holes  are 
made  in  corks  with  rat's-tail  files  (fig.  63),  beginning  with  a 

Pig.  63. 
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Fig.  64. 


Fig.  Bo. 
Set  of  oork-borera. 


Eat' s- tail  file. 

small  size,  and  employing  the  larger  files  as  may  be  necessary. 
Corks  should  always  be  kept  on  the  points  of  the  files  when 
not  in  use,  as  the  steel  is  very  brittle. 

A  set  of  brass  cork-borers  of 
various  sizes  (fig.  65)  will  save 
much  time.  They  are  made  to  slip 
into  each  other,  and  are  provided 
with  a  steel  rod  (fig.  64)  which 
serves  as  a  handle  and  for  thrusting  out  the  cylinders  of  cork 
punched  by  the  borers.  A  cork-borer  is  selected  of  some- 
what less  diameter  than 
the  tube  for  which  the 
hole  is  to  be  bored,  and 
the  rod  is  thrust  through 
the  holes  in  the  head  of 
the  borer.  The  cork  is 
held  firmly  against  the 
wall  or  the  edge  of  a 
table  (fig.  66),  and  the 


Fig. 


Boring  a  cork. 
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borer  worked  straight  into  it,  like  a  gimlet,  until  it  is  about 
halfway  through  the  cork.  The  borer  being  withdrawn,  and 
cleared,  if  necessary,  with  the  rod,  the  cork  is  reversed, 
and  bored  in  the  opposite  direction,  so  that  the  two  holes 
may  meet  in  the  centre  and  form  a  perfectly  smooth  cylin- 
drical passage,  which  is  very  carefully  enlarged  with  a 
rat's-tail  file  until  it  is  just  large  enough  to  receive  the 
tube,  which  should  pass  through  it  with  considerable  fric- 
tion. 

In  fitting  corks  air-tight  they  should  be  carefuUy  selected 
as  free  from  flaws  as  possible,  especially  at  the  ends.  The 
cork  should  be  somewhat  too  large  to  enter  the  mouth  of  the 
vessel  until  it  has  been  softened  by  rolling  it  heavily  on  the 
table  with  the  palm  of  the  hand,  or,  in  the  case  of  large  corks, 
under  the  sole  of  the  boot.  Corks  are  always  to  be  preferred 
to  bungs  or  shives. 

Vulcanized  India-rubber  stoppers  are  often  substituted  for 
corks,  and  are  decidedly  preferable  in  a  great  many  cases. 
They  may  be  perforated  with  the  cork-borers  described 
above,  which  should  be  dipped  in  spirit  of  wine. 

229.  To  bend  glass  toies.— Small  tubing  may  be  bent 

either  in  the  flame  of 
I'lG-  67.  a  spirit-lamp,  or  in 

the  upper  part  of  a 
somewhat  flaring  gas- 
flame  (fig.  67).  The 
tube  should  be  slowly 
rotated,  and  moved 
to  and  fro  in  the  flame 
until  soft  enough  to 
be  bent,  which  should 
be  eff'ected  by  a  gen- 
tle   equal  pressure 
with    both  hands, 
care  being  taken  so 
to  regulate  the  soft- 


Jiendiiig  glass  tube. 


SPIRIT  BLOWPIPE. 
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I  ening  of  the  glass  as  to 
i  obtain  a  nice  curve  (fig. 
168)  instead  of  a  sharp 
;  angle  (fig.  69).  Any  soot 
which  has  been  deposi- 
I  ted  from  the  flame  may 
1  be  wiped  off  with  paper 
'  when  the  tube  is  cool. 

Large  tubing  is  more 
I  difiicult  to  bend,  and  it 
lis  often  necessary  to  employ  a  blowpipe  flame.  The  bend  must 
1  be  annealed  by  withdrawing  it  very  gradually  from  the  heat. 

The  gas  blowpipe  represented  in  fig.  70  is  very  convenient 
Ifor  such  purposes,  especially  if  connected  with  a  double-action 
1  bellows  worked  by  the  foot. 


Fig.  7".  Vig.  71. 


Gas  blowpipe.  Spirit  blowpipe. 


Where  gas  is  not  to  be  had,  a  spirit  blowpipe-lamp  is  some- 
ttimes  used.  That  represented  in  fig.  71  answers  the  purpose 
'very  well.  A  small  quantity  of  spirit  (either  methylated 
J  spirit  of  wine  or  wood-naphtha)  burnt  inside  the  vessel  a 
'vaporizes  the  spirit  in  the  space  h  between  the  walls;  the 
'vapour  issuing  from  the  jet  c,  burns  with  a  powerful  flame. 
'These  lamps  are  not  free  from  danger  in  consequence  of  a 
[particle  of  cork  getting  into  the  spirit  and  obstructing  the 
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jet,  when  the  operator  should  at  once  place  the  cover  on  the 
lamp  and  thus  extinguish  the  flame. 

230-  If  the  liquid  has  no  powerful  or  characteristic  odour  I' 
it  may  be — 


Glycerine 
Oleine 


Lactic  acid 
Oleic  acid. 


Pia.  72. 


231-  Glycerine  is  a  syrupy  liquid  which  has  an  intensely 
sweet  taste  and  mixes  readily  with  water. 

Heated  sharply  on  a  knife-blade  or  a 
piece  of  platinum  foil,  or  in  a  tube  with 
bisulphate  of  potash,  it  evolves  very 
pungent  vapours  of  acroleine,  Avhich 
burn  with  a  luminous  flame.  No  resi- 
due is  left. 

Placed  in  an  evaporating  dish  heated 
upon  a  water-bath  (fig.  72),  glycerine 
suffers  no  perceptible  diminution  or 
change,  whilst  ordinary  syrup,  which 
it  much  resembles,  gradually  deposits  crystals  of  sugar  at 
the  edge  of  the  liquid. 

232.  Lactic  acid  is  a  syrupy  liquid  which  has  a  strong 
acid  taste  and  readily  mixes  with  water. 

It  is  not  changed  by  heating  on  the  water-bath  (fig.  72). 
If  it  be  diluted  with  water,  and  boiled  with  metallic  zinc,  the 
solution,  on  cooling,  deposits  crystalline  crusts  of  lactate  of 
zinc. 

When  lactic  acid  is  heated  in  a  retort,  several  products  are 
distilled  over,  and  among  them  a  crystalline  solid  known  as 
lactide,  which  is  soluble  in  hot  strong  alcohol,  and  is  deposited 
in  transparent  flat  prismatic  crystals  on  cooling. 

233.  Oleine  and  oleic  acid  are  colourless  or  yellow  oils 
which  do  not  mix  with  water,  but  float  upon  its  surface. 

Alcohol  dissolves  oleic  acid  more  readily  than  oleine. 

Ether  dissolves  them  both  very  readily. 

Solution  of  potash  dissolves  oleic  acid  more  easily  than 
dissolves  oleine. 
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Oleine  when  strongly  heated,  evolves  the  odour  of  acro- 
lleine,  which  is  not  produced  when  oleic  acid  is  heated. 

If  a  test-tube  containing  oleic  acid  is  placed  in  melting  ice, 
I  the  oleic  acid  solidifies  to  a  mass  of  needle-like  crystals,  but 
;  oleine  remains  liquid.  When  oleic  acid  has  been  kept  for 
;  some  time  in  contact  with  air,  it  acquires  a  brown  colour 
.'and  an  acid  reaction.  It  does  not  then  solidify  at  the  melt- 
iing-point  of  ice. 

234-  Examples  for  Practice  in  Exercise  lO. — Since  it 
lis  only  by  a  careful  study  of  individual  organic  substances 
tthat  the  analyst  can  learn  to  identify  them  with  certainty, 
tthe  student  is  recommended  to  examine  as  many  of  the  sub- 
;  stances  mentioned  in  this  Exercise  as  he  is  able  to  procure. 
J  A  list  of  them  is  subjoined. 


:  Acetone 

J  Albumen  (white  of  egg) 

1  Alcohol 

:  Aldehyde 

.Aniline 

]  Benzole 

]  Butyric  acid 

(.Cane-sugar 

t  Caramel 

(Carbolic  acid 

I  Caseine  (curd  of  milk) 

( Chloroform 

(Cbolesterine 

I  Dextrine 

1  Ether 

I  Gelatine 


Glycerine 

Grape-sugar 

Gum  arable 

Indigo 

Lactic  acid 

Methylated  alcohol 

Milk-sugar 

Naphthaline 

Nicotine 

Nitrate  of  urea 

Nitrobenzole 

OU  of  bitter  almonds 

Oleic  acid 

Oleine 

Oxalate  of  urea 
Palmitic  acid 


Palmitine 
Paraffin  6 

Picric  or  carbazotic 

acid 
Pyrogallic  acid 
Rosin 
Salicine 
Soap 

Spermaceti 
Starch 
Stearic  acid 
Stearine 
Urea 

Valerianic  acid 
Wax 

Wood  naphtha. 
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EXERCISE  XI. 
235.  Examination  of  a  Solid  Organic  Substance  about 

WHICH  nothing  is  KNOWN  BUT  THAT  IT  IS  A  SiNGLE  SuBSTANCE 

AND  NOT  A  Mixture, 

A.  Heat  the  substance  gi-adually  in  a  small  glass  tube  (17). 
(a)  It  fuses  easily,  becoming  perfectly  liquid. 

Excludes 


Uric  a 
Urates 


Albumen 
Caseine 


Starch 
Dextrine. 


(b)  It  passes  off  in  vapour 

{with  or  without  previous  fusion) 

and  leaves  no  black  (carbonaceous)  residue. 


Tartaric  acid  and  tartrates 

Citric  acid  and  citrates 

Uric  acid  and  urates 

Gallic  acid 

Tannic  acid 

Starch 

Sugar 

Caramel 

Dextrine 


Excludes 

Gum 
Gelatine 
Caseine 


Albumen 
Salicine 

Morphine  and  its  salts 
Quinine  and  its  salts 
Cinchonine  and  its  salts 
Strychnine  and  its  salts. 


(c)  It  passes  off  in  vapour,  leaving  no  residue  whatever. 

Excludes 

aU  the  substances  in  the  above  list,  and  in  addition, 
all  metals  except  mercury,  arsenic,  and  ammonium. 

(d)  It  emits  vapours  which  have  the  odour  of  Ammonia, 

and  change  red  litmus  paper  to  blue. 

Probable  Presence  of 


Ammonia,  combined  with  an  or- 
ganic acid 
A  cyanide 
A  ferrocyanide 
A  ferridcyanide 
A  sulphocyanide 
Albumen 
Cassine 


Gelatine 

Uric  acid 

Urea 

Morphine 

Quinine 

Cinchonine 

Strychnine 

Aniline. 
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If  the  evolution  of  ammonia  is  abundant  and  unat- 
tended by  any  carbonization,  either  urea  or  one  of 
its  salts  is  probably  present  (182,  192). 

B.  Heat  the  substance  on  a  piece  of  porcelain,  and  continue 

the  heat  until  no  fui-ther  change  is  perceptible,  direct- 
ing the  outer  blowpipe  flame  upon  it  if  necessary,  to 
burn  off  the  carbon. 

(a)  iVo  residue  is  left. 

Excludes 

all  metals  except  mercury,  arsenic,  and  ammonium. 

{b)  A  residue  is  left,  which  is  strongly  alkaline  to 
moistened  red  litmus  paper. 

Probable  Presence  of 

an  Organic  Acid,  in  combination  with  Potash, 
Soda,  Baryta,  Strontia,  or  Lime. 

(See  Table  K.) 

C.  Shake  a  little  of  the  substance  with  cold  water,  in  a 

test-tube. 

(a)  It  dissolves  easily. 


Excludes 


Free  benzoic  acid 

Free  hippuric  acid 

Free  uric  acid 

Free  gallic  acid 

Urates 

Starch 

Gum 

Dextrine 

Oxalate  of  urea 

Nitrate  of  urea 

Spermaceti 

"Wax 

Paraffine 


Free  morphine 

Free  quinine 

Free  cinch  onine 

Free  strychnine 

Salicine 

Albumen 

Caseine 

Gelatine 

Free  stearic  acid 

Free  palmitic  acid 

Stearine 

Palmitine. 


150 


LIQUID  ORGANIC  SUBSTANCES  EXAMINED. 


Wax 

Paraffine 

Free  stearic  acid 


Free  palmitic  acid 

Stearine 

Palmitine. 


(b)  It  does  not  dissolve. 

Boil  it  with  the  water ;  should  it  dissolve,  this 

Excludes 

Albumen 
Caseine 
Spermaceti 

D.  Very  cautiously  taste  a  particle  of  the  substance,  ^ 

(ct)  Its  taste  is  acid. 

Examine  for  an  organic  acid  by  Table  K,  and  for 
an  inorganic  acid  by  Table  G. 
(b)  Its  taste  is  bitter  ;  pass  on  to  F. 

E.  If  the  substance  does  not  dissolve  readily  in  water,  but 

dissolves  on  adding  a  little  potash,  and  is  precipitated  by 
the  addition  of  hydrochloric  acid. 

Examine  especially  for — 

Benzoic  acid  (154)  |        Hippuric  acid  (156) 

Uric  acid  (161). 

F.  Dissolve  a  little  of  the  substance  in  water,  or  in  a  little 

dilute  hydrochloric  acid,  and  test  with  a  solution  of 
iodine  in  iodide  of  potassium. 
If  a  brown  precipitate  is  obtained,  examine  for  an  alkaloid 
by  Table  0. 


EXEECISB  Xn. 

23©.  Examination  of  a  Liquid  Oeganic  Substance 
about  which  nothing  is  known,  but  that  it  is  a  Single 
Substance  and  not  a  Mixtuke. 


A.  Ascertain  whether  it  has  any  odour 
istic  of 


Carbolic  acid  (217) 
Alcohol  (209) 
Wood-naphtha  (211) 
Acetone  (212) 
Aldehyde  (213) 
Nicotine  (214) 


Butyric  acid  (215) 
Valerianic  acid  (218) 
Aniline  (219) 
Ether  (221) 
Chloroform  (222) 
Bitter  almond  oil  (223) 


or  taste  character- 


Nitrobenzole  (224) 
Benzole  (225) 
Acetic  acid  (149) 
Formic  acid  (150) 
Sugar  (179-181) 
Glycerine  (231) 
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B.  Evaporate  a  little  of  the  liquid  in  a  porcelain  dish,  care- 
fully observing  any  odour  which  may  be  developed, 
and  stopping  the  evaporation  as  soon  as  the  liquid  has 
disappeared.* 

(a)  If  no  residve  is  left 

The  liquid  probably  contains  one  of  the  above- 
mentioned  substances  recognisable  by  their  odour, 
or  possibly  glycerine  (231),  or  lactic  acid  (232). 

(b)  If  an  oily  inflammable  residue  is  left 

Examine  especially  for — 
Oleine  (233)  I        Oleic  acid  (233) 

((?)  If  a  solid  residue  is  left 

Evaporate  a  large  quantity  of  the  liquid  and  ex- 
amine the  residue  according  to  (235). 


BXEECISE  XIII. 
237.  Examination  of  a  Solid  Substance  of  which 

NOTHING  IS  known,  BUT  THAT  IT  IS  A  SiNGLE  SUBSTANCE  AND 

NOT  A  Mixture. 

A.  Heat  a  little  of  the  substance  on  a  piece  of  porcelain,  and 

observe  whether  there  is  any  carbonization  or  peculiar 
odour  to  indicate  the  presence  of  organic  matter.f 

B.  Heat  another  portion  of  the  substance  with  strong  sul- 

phuric acid,  and  observe  whether  any  carbonization 
indicative  of  organic  matter  takes  place, 
(a)  If  organic  matter  is  detected,  the  substance  must 

be  examined  according  to  (235). 
(h)  If  no  organic  matter  is  detected,  the  substance  may 
be  examined  according  to  Tables  A  to  I,  or  by 
the  blowpipe,  according  to  Tables  E  to  Z. 


*  Should  time  permit,  it  is  well  to  evaporate  over  a  steam-bath, 
t  Sulphur  and  phosphorus  would  of  course  be  recognised  in  this  ex- 
periment. 
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EXERCISE  XIV. 
238.  Examination  of  a  Liquid  of  which  nothing  is 

KNOWN  BUT  that  IT  IS  A  SOLUTION  OF  A  SiNGLE  SuBSTANCE,  AND 

NOT  OF  A  Mixture, 

A.  Observe  its  smell,  taste,  and  action  upon  test-papers. 

B.  Evaporate  a  little  on  a  slip  of  glass. 

(a)  If  no  residue  is  left,  and  the  liquid  is  destitute  of 
colour,  smell,  taste,  and  action  on  test-papers,  it 
is  water  only. 

{b)  If  a  residue  is  left,  or  if  the  conclusion  is  doubt- 
ful, evaporate  a  larger  quantity  of  the  liquid  in 
a  porcelain  dish,  and  if  there  is  any  residue, 
examine  it  as  directed  for  an  unknown  solid 
substance  (237).  Carefully  observe  whether 
any  odour  is  evolved  during  the  evaporation, 
(c)  If  no  residue  is  left  on  evaporation,  and  the  liquid  is 
acid  to  test-papers,  examine  for 
Sulphuric  acid  (102)  Hydrosulphuric  acid  (97) 


Hydrochloric  acid  (105) 
Nitric  acid  (109) 
Hydrofluoric  acid  (83) 
Butyric  acid  (215) 
Chloric  acid  (90) 
Hydriodic  acid  (93) 
Carbonic  acid  (95) 


Valerianic  acid  (218) 
Oleic  acid  (233)  _ 
Hydrocyanic  acid  (99) 
Sulphurous  acid  (100) 
Acetic  acid  (149) 
Formic  acid  (150) 
Lactic  acid  (232). 

(d)  If  no  residue  is  left  on  evaporation,  and  the  liquid 
is  alkaline  to  test-papers,  examine  for 

Ammonia  (75)        |     Aniline  (219)  |     Nicotine  (214) 

(e)  If  no  residue  is  left  on  evaporation,  and  the  liquid  is 

neither  acid  nor  alkaline,  examine  especially  for 

Ether  (221) 
Chloroform  (222) 
Bitter  almond  oil  (223) 


Alcohol  (209) 
Methylic  alcohol  (211) 
Acetone  (212) 
Aldehyde  (213) 
Phenole  (carbolic  acid)  (217) 


Nitrobenzole  (224) 
Benzole  (225). 


Glycerine  (231). 

When  no  clue  can  be  obtained,  the  analyst  must  carefully  go 
through  every  step  of  the  analytical  processes,  commencing  at 
Table  A. 
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154  FIRST  M.B.  EXAMINATION. 

I.  The  Substance  is  Solid. 

A.  Heat  the  substance  in  a  small  tube. 

(a)  It  evolves  ammonia  freely,  without  blackening. 

Examine  especially  for — 
Urea  (182)        |  Oxalate  of  urea  (192)    |   Nitrate  of  urea  (192) 

(b)  It  evolves  an  agreeable  odour. 

Examine  especially  for — 
Benzoic  acid  (154)      ]  Hippuric  acid  (156)    |    Acetate  of  lead  (149) 

(c)  It  evolves  an  odour  resembling  that  of  coal  tar. 

Examine  especially  for — 
Cinchonine  (170)  I        Sulphate  of  cinchomne 

Quinine  (168)  I        Sulphate  of  qumine. 


Quinine  (168) 

(d)  It  blacJcens  and  evolves  an  odour  of  burnt  wood  or 
sugar. 

Examine  especially  for — 

Grape-sugar  (180) 
Malic  acid  (160) 
Meconic  acid  (151) 
GalUc  acid  (153) 
Tannic  acid  (152). 


Tartaric  acid  (158) 
Bitartrate  of  potash  (158) 
Citric  acid  (159) 
Starch  (187) 
Cane-sugar  (179) 
(e)  It  blackens  and  evolves  a  disagreeable  odour  of 
singed  animal  matter. 

Examine  especially  for — 
TT  .       J  n  fil  \  Acetate  of  morphine  (1 65) 

VrlZ'llTJm)  Meconate  of  morphine  (165) 

mLTS"^  ^'''^  Sc^Lnlie  oPpotassium  (113) 

SjdSoiSlf  morphine  (165)      Ferridc^mde  of  potassium  (77). 
(/)  It  evolves  vapours  which  provoke  violent  coughing. 
Examine  especially  for  Succinic  Acid  (155). 

(g)  It  evolves  cyanogen  (known  by  its  odour,  and  pink 

flame). 

Examine  especially  for  Cyanide  of  Mercury  (99). 

(h)  It  passes  off  in  vapour,  without  any  of  the  above 

indications. 

Examine  especially  for — 
Oxalic  acid  (115)  I     Oxalate  of  ammonia  (115). 
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B.  Heat  the  substance  on  a  j'jz'ece  of  hrohen  porcelain,  at  first 
ivith  the  ordinary  flame,  and  afterwards  with  the  outer 
blowpipe  flame. 
(a)  A  residue  is  left. 

Moisten  it  with  water,  and  test  with  red  litmus 
paper. 

If  it  be  decidedly  alkaline, 
Examine  for — 


Cyanide  of  potassium  (99) 
Feriocyanide  of  potassium  (113) 
Ferridcyanide  of  potassium  (77) 
Sulphocyanide  of  potassium  (77) 
Bitartrate  of  potash  (158) 


Oxalate  of  potash  (115) 
„        lime  (115) 

Acetate  of  potash  (149) 
„       soda  (149) 

Urate  of  soda  (161). 


If  the  residue  is  yelloiv  or  red, 
Examine  especially  for  Acetate  of  Lead  (149). 
(b)  No  residue  is  left.    Pass  on  to  C. 

Heat  the  substance  with  water, 
(ci)  It,  does  not  dissolve  in  water. 
Add  Potash. 
It  dissolves  in  Potash. 

Examine  especially  for — 


Benzoic  acid  (154) 
Hippuric  acid  (156) 
Uric  acid  (16]) 
Gallic  acid  (153) 


Bitartrate  of  potash  (158) 
Urate  of  soda  (161) 
Urate  of  ammonia  (161). 


It  does-  not  dissolve  in  Potash. 
Add  Hydrochloric  Acid.* 
It  dissolves. 


Examine  especially  for — 


Morphine  (165) 
Quinine  (168) 
Cinchonine  (170) 
Strychnine  (167) 


Sulphate  of  quinine  (168) 

„  cinchonine  (170) 
Oxalate  of  lime  (58). 


*  A  blue  substance,  becoming  brown  with  potash,  and  again  blue  with 
hydrochloric  acid,  is  either  Prussian  blue  or  Turnbull's  blue.  To  dis- 
tinguish between  them,  boil  with  potash,  filter,  and  test  the  solution 
with  excess  of  acetic  acid  and  perchloride  of  iron.  Abundant  blue  pre- 
cipitate indicates  Prussian  blue.  Dark  colour,  without  precipitate,  indi- 
cates Turnbull's  blue. 
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(b)  It  dissolves  in  water. 

Test  the  solution  with  blue  and  red  litmus  paper, 
and,  cautiously,  by  tasting. 
I.  The  solution  is  decidedly  acid,  but  not  astringent. 

Examine  especially  for — 

Malic  acid  (160) 
Meconic  acid  (151) 
Hippuric  acid  (156) 
Bitai  trate  of  potash  (158). 


Tartaric  acid  (158) 
Oxalic  acid  (115) 
Citric  acid  (159) 
Succinic  acid  (155) 


II.  The  solution  is  acid  and  astringent. 
Examine  especially  for  Gallic  (153)  and  Tannic  Acids  (152). 

in.  The  solution  is  alkaline. 
Examine  especially  for  Cyanide  of  Potassium  (99). 

IV.  The  solution  has  a  sweet  taste. 

Examine  especially  for — 
Cane-sugar  (179)     |   Grape-sugar  (180)     |   Acetate  of  lead  (149). 

V.  The  solution  is  bitter ;  pass  on  to  D. 

VI.  The  solution  has  a  yellow  or  green  colour. 

Examine  especially  for — 
Ferrocyanide  and  Ferridcyanide  of  Potassium  (77). 

VII.  The  solution  is  not  decidedly  acid  or  alkaline,  and 

has  no  characteristic  taste  or  colour. 

Examine  especially  for — 

Cyanide  of  mercury  (31) 
Sulphocyanide  of  potassium  (77) 
Urea  (182) 


Oxalate  of  ammonia  (115) 

„        potash  (115) 
Acetate  of  potash  (149) 
soda  (149) 


D.  Dissolve  a  little  of  the  substance  in  water,  or  in  a  little  dilute 
hydrochloric  acid,  and  test  with  a  solution  of  iodine  in 
iodide  of  i:)otassium. 

If  a  brown  precipitate  is  obtained, 
Examine  for  an  alkaloid  by  Table  0. 
Should  no  clue  have  been  hitherto  obtained,  examine  the  sub- 
stance for  an  organic  acid  by  Table  K,  and  for  an  organic 
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alkaloid  by  Table  O  ;  and,  as  a  last  resource,  for  a  metal  by 
Table  A,  and  for  an  inorganic  acid  by  Table  G,  in  the  hope 
that  some  light  may  thus  be  thrown  upon  the  nature  of  the 
substance. 

II.  The  Substance  is  a  Liquid. 

A.  Ascertain  ivhether  it  has  the  odour  of 

Acetic  acid  (149)     |   Hydrocyanic  acid  (99)     [   Alcohol  (209). 

B.  Evaporate  a  little  in  a  j)orcelain  dish,  taking  care  not  to 

continue  the  heat  after  the  dish  is  dry,  and  observing 
any  odour  during  evaporation. 
(a)  If  no  residue  is  left,  examine  for- 


Acetic  acid  (149) 
Hydrocyanic  acid  (99) 


Alcohol  (209) 
Glycerine  (231). 


(h)  If  a  residue  is  left,  examine  the  action  of  heat  upon 
it,  drawing  inferences  according  to  pp.  154,  155. 

C.  Test  a  small  portion  of  the  solution  with  a  solution  of  iodine 
in  iodide  of  potassium. 
If  a  brown  precipitate  is  obtained,  examine  another  part  of 
the  solution  for — 


Morphine  (165) 

Hydrochlorate  of  morphine  (165) 
Acetate  of  morphine  (165) 
Meconate  of  morphine  (165) 


Quinine  (168) 
Cinchonine  (170) 
Strychnine  (167). 


D.  Test  the  liquid  with  blue  and  red  litmus  papers. 
(a.)  The  liquid  is  acid. 

Add,  to  a  small  portion,  potash,  till  it  is  very 

slightly  alkaline,  and  stir  with  a  glass  rod. 
If  a  precipitate  is  produced,  add  acetic  acid  in 
excess ;  should  this  fail  to  redissolve  it,  exa- 
mine for  Oxalate  of  Lime  (58). 
If  acetic  acid  dissolves  the  precipitate,  examine 
for — 

Acetate  of  lead  (149)  I  Quinine  (168) 

Morphine  (165)  I  Cinchonine  (170) 

Strychnine  (167). 
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(b)  The  liquid  is  alkaline. 

Add,  to  a  small  portion,  acetic  acid,  till  it  is 

slightly  acid,  and  stir  witli  a  glass  rod. 
If  a  precipitate  is  obtained,  examine  for — 


Benzoic  acid  (154) 
Hippuric  acid  (156) 


Uric  acid  (161) 
Tartaric  acid  (158). 


And  for  the  potash,  soda  or  ammonia  holding  them  in  solution  (72). 

If  no  clue  has  yet  been  obtained,  examine  tlie  substance 
for  an  organic  acid  by  Table  K,  and  for  an  organic  alkaloid 
by  Table  0  ;  and,  as  a  last  resource,  for  a  metal  by  Table  A, 
and  for  an  inorganic  acid  by  Table  G,  in  the  hope  that  some 
light  may  thus  be  thrown  upon  the  nature  of  the  substance. 
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KEDUCTION  ON  CHARCOAL. 


EXPLANATIONS  AND  INSTEUCTIONS  ON 
TABLE  R. 

241.  To  reduce  metals  on  charcoal  before  the  bloivpipe.— 
Select  a  piece  of  hard  thoroughly  carbonized  charcoal,  free 
from  crevices,  not  less  than  four  inches  long  and  one  or  two 
inches  in  diameter ;  grind  down  one  of  its  sides  to  a  flat  sur- 
face (fig.  73)  on  the  hearthstone.    Scoop  a  very  shallow 

Fig.  73. 


cavity  at  a  with  the  blade  of  a  knife,  making  it  smooth  and 
round.    Place  in  this  a  grain  or  two  of  the  substance  to  be 

examined,  previously  reduced 
to  powder  (124),  and  cover  it 
■with  dry  powdered  carbonate 
of  soda.  Hold  the  charcoal 
and  the  blowpipe  in  the  posi- 
tions represented  in  fig.  74. 
Direct  the  point  of  the  inner 
(reducing)  flame  upon  the  spe- 
cimen in  the  cavity,  blowing 
gently  at  first  lest  the  powder 
should  be  scattered,  and  allow  the  outer  (oxidizing  flame)  to 
play  over  the  flat  surface  of  the  charcoal. 

Observe  very  closely  the  appearances  presented  by  the 
mass  under  the  influence  of  heat,  especiaUy  noticing  whether 
any  minute  metallic  globules  are  to  be  seen  in  the  fused 


Beduction  on  charcoal. 


INCRUSTATION.  LEVIGATION. 


isubstance.  If  this  be  the  case,  try  to  fuse  them  together  into 
1  larger  globules. 

Should  an  infusible  mass  be  left  after  the  first  application 
(of  the  blowpipe  flame,  add  more  carbonate  of  soda,  and  again 
iheat  intensely,  since  the  binoside  of  tin  often  requires  re- 
•peated  additions  of  carbonate  of  soda  to  bring  it  into  fusion 
;and  reduce  it  to  the  metallic  state. 

"Watch  the  appearance  of  the  mass  after  withdrawing  it 
tfrom  the  flame,  noting  any  changes  of  colour  which  may  occur 
iin  coohng. 

The  surface  of  the  charcoal  is  generally  covered,  for  some 
(distance  beyond  the  cavity,  with  a  deposit  or  incrustation 
1  which  sometimes  consists  of  a  thin  white  film  of  ash  left  after 
I  the  charcoal  has  burnt  away,  and  sometimes  of  a  more  opaque 
I  coating  of  some  metallic  oxide  formed  by  the  combustion  of 
I  metallic  vapoux  in  passing  through  the  outer  flame. 

Observe  very  carefully  the  colour  and  general  appearance  of 
ithis  incrustation,  comparing  the  results  with  Table  S  (p.  170). 

If  any  globule  of  metal  is  visible,  detach  it  carefttUy  from 
tthe  fused  mass  with  the  point  of  a  knife,  place  it  upon  a  hard 
;  surface,  such  as  a  porcelain  slab  or  the  bottom  of  an  inverted 
I  mortar,  and  press  it  with  a  knife-blade,  to  ascertain  whether 
iit  is  malleable  or  brittle.    Compare  the  results  with  Table  S. 

When  no  metallic  globule  is  visible,  or  when  the  metallic 
:  globule  has  been  removed,  scrape  the  mass,  together  with  the 
i particles  of  charcoal  in  contact  mth 
iit,  into  a  small  agate  mortar  (fig.  75), 
I  moisten  it  with  one  or  two  drops  of 
'Water,  and  grind  it  into  a  paste.  Stir 
•this  paste  up  with  more  water,  then 
:fill  the  mortar  with  water,  allow  it  to 

Agate  mortar. 

rrest  for  a  mmute,  in  order  that  any 

rmetallic  particles  may  subside,  and  careftilly  pour  off  the 
^water,  carrying  with  it  the  lighter  particles  of  charcoal  and 
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slag  (fig.  7G).  Repeat  this  grinding  and  levigation  until 
metallic  particles  are  distinctly  visible  at  the  bottom  of  the 
mortar,  or  until  the  whole  has  been  washed  away  without 
showing  any  metal. 


Fig.  76. 


Levigation  in  blowpipe  analysia. 

The  metals  which  are  generally  detected  in  this  way,  are — 
Copper,  which  gives  characteristic  red  spangles. 
Tin,  in  white  silvery  spangles  of  considerable  size. 
L'on,  in  grey  metallic  powder,  attracted  by  the  magnet. 
242.  Fused  carbonate  of  soda  is  absorbed  into  the  pores 
of  the  charcoal,  but  very  frequently  a  slag  is  formed  which 
refuses  to  sink  into  the  charcoal,  and  remains  on  the  surface.* 
This  is  the  case  with  silicate  and  borate  of  soda,  formed  when 
silicic  and  boracic  acids  are  present.    Sulphide  of  sodium 
also  generally  remains  on  the  surface  of  the  charcoal  as  a 
brown  mass,  the  formation  of  which  renders  it  highly  probable 
that  the  substance  under  examination  is  a  sulphide. 

Although  most  metallic  oxides  would  be  reduced  to  the 
metalHc  state  by  the  combined  action  of  the  blowpipe  flame 
and  the  charcoal  support,  it  is  necessary  to  add  carbonate  of 
soda  for  the  following  reasons  : — 

(1)  The  carbonate  of  soda  removes  any  acid  (silicic  acid, 
for  example)  or  non-metaUic  element  (such  as  sulphur)  which 
would  hinder  the  separation  of  the  metal. 

*  Cyanide  of  potassium  wiU  occasionaUy  assist  in  getting  rid  of 
such  slags. 
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(2)  By  thus  forming  a  slag  through  which  the  metal  may 
sink,  the  re-oxidation,  and  in  some  cases  the  volatilization,  of 
the  metal,  are  in  great  measure  prevented. 

(3)  Carbonate  of  soda,  strongly  heated  with  charcoal,  yields 
vapour  of  sodium,  which  acts  as  a  powerful  reducing  agent 
upon  metallic  compounds. 

243-  To  detect  metals  by  the  colours  which  they  impart  to 
a  bead  of  borax-glass. — Take  a  piece  of  platinum  wire  of 
such  a  thickness 

that  three  inches  77. 


Platinum  wire  for  borai  beads. 


and  seal  it  into 
a  glass  handle  as 

described  at  p.  57.  Bend  the  end  of  it  round  into  a  small 
loop  (fig.  77),  which  must  not  be  larger  than  the  transverse 
section  of  the  blowpipe-flame. 

Fig.  78. 

Make  this  loop  red-hot, 
and  dip  it  into  powdered 
borax,  of  which  a  consider- 
able quantity  will  stick  to 
the  wire.  Fuse  this  in  the 
blowpipe-flame  (fig.  78)  to 
a  bead  which  should  be  per- 
fectly colourless  and  trans- 
parent even  after  cooling. 

Place  one  or  two  small 
particles  of  the  substance  under  examination  upon  a  piece  of 
paper  close  at  hand,  heat  the  borax-bead,  and  touch  one  of 
the  particles  with  it  so  that  it  may  stick  to  the  bead. 

Fuse  the  bead  at  the  extreme  point  of  the  outer  (oxidizing! 
flame  of  the  blowpipe,  until  the  substance  appears  to  have 
been  dissolved  by  the  borax,  and  observe  the  colour  of  the 
bead  while  hot  and  after  cooling.  Should  the  bead  be  opaque, 
too  large  a  quantity  of  the  substance  has  been  added,  and 
the  experiment  must  be  repeated. 

M  2 


Borax-bead  test. 
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If  the  bead  remains  colourless,  another  particle  of  the  sub- 
stance must  be  fused  with  it,  and  so  on,  until  a  reasonable 
proportion  has  been  added  without  producing  any  result. 

The  bead  is  afterwards  exposed  to  the  point  of  the  inner 
(reducing)  flame  of  the  blowpipe,  and  the  colour  of  the  glass 
carefully  observed. 

The  results  are  compared  with  Table  T,  page  177. 

To  clean  the  wire  for  a  new  test,  dip  the  red-hot  bead  into 
water,  when  it  will  become  brittle  and  may  be  easily  detached 
from  the  loop,  which  is  then  opened  and  the  wire  scraped 
clean  with  the  thumb-nail. 

244.  To  detect  metals  by  the  colour  which  they  impart  to  the 
Uowpipe-fiame. — Take  a  straight  piece  of  platinum  wire,  as 
recommended  at  p.  57,  dip  it  in  hydrochloric  acid,*  and  expose 
it  repeatedly  to  the  point  of  the  inner  (reducing)  blowpipe- 
flame  till  it  no  longer  imparts  a  distinct  colour  to  the  outer 
flame.  Again  moisten  it  with  hydrochloric  acid,  take  upon 
it  a  minute  quantity  of  the  substance  under  examination, 
and  again  expose  it  to  the  point  of  the  inner  flame  (fig.  79). 


Compare  the  results  with  Table  U,  page  181. 
Some  metals  (barium   for  example)  so   fuse  into  the 
platinum  that  it  is  scarcely  possible  to  get  rid  of  them  in  order 

*  This  wire  should  not  be  dipped  into  the  bottle  of  hydrochloric  acid, 
but  into  a  small  quantity  of  the  acid  in  a  smaU  glass  or  porcelain  capsule. 
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to  prepare  the  wire  for  a  fresli  test.  When  this  is  found  to 
be  the  case,  the  extremity  of  the  wire  must  be  cut  off. 

245.  To  detect  metals  by  the  cobalt-test,  before  the  blow- 
jiipe. —  The  solution  of  nitrate  of  cobalt  should  contain  about 
one  part  of  the  salt  dissolved  in  ten  parts  of  water,  and  is 
conveniently  kept  in  a  bottle  provided  with  a  perforated  cork 
carrying  a  piece  of  glass  tube  long  enough  to  reach  to  the 
bottom  of  the  bottle  and  to  project  an  inch  or  two  above  the 
cork  (fig.  80). 

Fia.  80. 


This  tube  shoiild  be  partially  closed  at  each  end  by  direct- 
ing the  blowpipe-flame  upon  it.  "When  the  upper  orifice  of 
this  tube  is  closed  with  the  finger  (fig.  81),  and  the  tube 
withdrawn  from  the  bottle,  the  cobalt  solution  is  retained  in 
it  by  atmospheric  pressiire,  and  may  be  suffered  to  fall,  drop 
by  drop,  upon  the  mass  under  examination.  One  or  two 
drops  will  generally  suffice.  An  intense  heat  should  then 
be  applied  for  several  seconds,  the  result  being  compared 
with  column  4  of  Table  E,  page  159. 

246.  To  detect  mercury,  arsenic  and  ammonia  by  the  blow- 
pipe,— Dry  the  carbonate  of  soda  by  heating  it  moderately  on 
a  piece  of  glass  or  tin-plate,  or  on  the  blade  of  a  spatula. 
Allow  it  to  cool,  and  mix  it  with  the  powdered  substance 


166 


BLOWPIPE  ANALYSIS. 


under  examination,  upon  a  piece  of  paper,  using  at  least  six 
times  as  much  carbonate  of  soda  as  of  the  substance.  Scrape 
enough  powder  ofE  a  piece  of  charcoal  to  impart  a  dark  grey 
colour  to  the  mixture.  Introduce  the  mixture  into  a  small 
dry  German  glass  tube  (p.  16),  cleanse  the  upper  part  of  the 
tube  from  adhering  particles  of  substance  with  a  match-stick 

or  a  roU  of  paper,  and  rap  the 
tube  against  the  table  so  as  to 
shake  the  powder  into  the  posi- 
tion shown  in  fig.  82,  leaving  a 
clear  passage  for  the  vapour. 
Pig.  83.  Hold  the  tube  in  a  narrow 

band  of  folded  paper,*  and 
heat  it  in  the  non-luminous 
part  of  the  flame  (fig.  83)  so 
as  not  to  smoke  it.  If  none 
of  the  results  mentioned  in 
column  5  of  Table  R  (page 
159)  are  observed,  direct  the 
blowpipe  flame  upon  the  bot- 
tom of  the  tube  until  the  glass  begins  to  fuse. 

Beginners  frequently  fail  in  this  test,  in  consequence  of 
their  allowing  condensed  water  to  trickle  back  upon  the  hot 
mixture,  causing  it  to  spirt  up  and  soil  the  sides  of  the  tube. 

NOTES  TO  TABLE  R. 

247.  Great  care  is  necessary  to  avoid  error  in  applying 
the  blowpipe  test  for  aluminum. 

The  solution  of  nitrate  of  cobalt  itself  leaves  a  blue  mass 
of  the  anhydrous  nitrate  when  evaporated  to  dryness  by  the 
heat  of  the  flame;  but  when  this  blue  mass  is  strongly 

*  If  any  moisture  is  seen  to  condense  on  the  sides  of  the  tube,  hold 
the  latter  with  its  mouth  somewhat  inclined  downwards,  lest  the  drops 
should  run  back  and  crack  the  glass. 
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heated,  it  is  converted  into  the  black  oxide  of  cobalt,  whereas 
the  blue  mass  furnished  by  the  combination  of  alumina  with 
oxide  of  cobalt  (aluminate  of  cobalt)  becomes  of  a  brighter 
blue  colour  when  more  intensely  heated. 

The  alkaline  phosphates  and  borates  also  give  a  blue  mass 
with  nitrate  of  cobalt,  but  this  mass  assumes  the  condition  of 
a  fused  glass,  whilst  the  alumina  blue  is  perfectly  infusible. 

To  ascertain  what  compound  of  aluminum  is  under  ex- 
amination, the  analyst  should  refer  to  p.  40. 

248.  The  presence  of  zinc  should  be  confirmed  by  ob- 
serving that  the  infusible  mass,  before  the  addition  of  nitrate 
of  cobalt,  is  yellow  while  hot,  and  becomes  white  on  cooling. 

To  ascertain  what  compound  of  zinc  is  under  examination, 
the  analyst  should  refer  to  p.  42. 

249.  The  pink  colour  of  the  compound  formed  by 
magnesia  with  oxide  of  cobalt  is  very  pale,  and  might  be 
overlooked  in  a  cursory  inspection,  especially  if  the  observer 
be  dazzled  by  the  incandescence  of  the  ignited  mass. 

To  ascertain  what  compound  of  magnesium  is  under  ex- 
amination, the  analyst  shoxild  refer  to  p.  8. 

250.  The  globules  of  mercury  composing  this  sublimate 
are  sometimes  so  minute  that  it  has  the  appearance  of  a  grey 
uniform  coating  upon  the  tube  ;  on  rubbing  it  with  a  lucifer- 
match  stick,  the  particles  unite  into  distinct  globules. 

To  ascertain  what  compound  of  mercury  is  under  exami- 
nation, the  analyst  should  refer  to  pp.  11  and  23. 

251.  K  arsenic  be  present,  a  garlic  odour  will  generally 
be  perceptible  at  the  mouth  of  the  tube,  and  should  have  been 
already  noticed  in  column  1. 

A  black  shining  ring  is  sometimes  formed  upon  the  sides 
of  the  tube,  in  cases  where  no  arsenic  is  present,  in  conse- 
quence of  the  deposition  of  a  coating  of  lustrous  carbon  from 
the  action  of  heat  upon  tarry  matters,  distilled,  either  from 
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imperfectly  prepared  charcoal,  or  from  organic  matter  in  the 
substance  analysed. 

Sidphide  of  mercury  may  also  furnish  a  black  ring  if  the 
quantity  of  carbonate  of  soda  employed  in  the  experiment  is 
insufficient  to  remove  the  whole  of  the  sulphur. 

To  ascertain  that  the  ring  does  really  consist  of  arsenic, 
make  a  deep  file-mark  on  each  side  of  it,  and  break  off  the 
glass  with  a  jerk.  Wrap  the  piece  of  glass  containing  the 
ring  in  a  piece  of  stout  paper,  and  break  it,  with  a  few  blows, 
into  fragments,  but  not  into  powder.  Select  those  fragments 
which  appear  to  be  weU  coated,  place  them  in  a  small  tube 
sealed  at  one  end,  and  heat  them  gently  above  the  point  of 
an  ordinary  flame,  as  shown  in  fig.  84.  The  arsenic  will  be 
slowly  converted  into  vapour,  combining  with  the  oxygen  of 
the  air  in  the  tube  to  form  arsenious  acid,  which  will  be  de- 
posited in  small  brilliant  crystals  upon  the  cooler  part  of  the 
tube.  Under  the  microscope,  the  octahedral  shape  of  these 
crystals  will  be  distinctly  seen  (fig.  85). 

Fig.  85. 


If  there  be  more  arsenic  than  can  be  oxidized  by  the  air 
in  the  tube,  a  dark  ring  of  arsenic  will  accompany  the 
crystals,  and  may  be  oxidized  by  a  second  sublimation. 
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The  smallest  fragment  of  arsenious  acid  may  be  identified 
with  perfect  certainty  in  the  following  manner : — 

Draw  out  a  piece  of  narrow  German  tube  to  a  long  point 
(17),  and  seal  it  in  the  blowpipe  flame.  Drop  into  this  point 
the  frasrment  supposed  to  be 
arsenious  acid.  Jrlace  three 
or  four  little  pieces  of  char- 
coal in  the  wider  part  of 
the  tube  (fig.  86),  and 
heat  them  to  redness  in  the 
blowpipe  flame.  Then  heat 
quickly  the  point  of  the 
tube  so  as  to  drive  the  va- 
pour of  arsenious  acid  over  the  red-hot  charcoal,  which  will 
remove  the  oxygen  of  the  arsenious  acid,  and  a  shining  black 
ring  of  arsenic  wiU.  be  deposited  upon  the  cooler  part  of  the 
tube. 

To  ascertain  what  compound  of  arsenic  is  under  examina- 
tion, the  analyst  should  refer  to  (35). 

252.  An  odour  of  ammonia  might  also  arise  in  this  ex- 
periment, from  the  decomposition  by  heat  of  organic  matters 
containing  nitrogen ;  but  such  substances  would  be  car- 
bonized or  blackened  when  heated  in  a  small  tube  by  them- 
selves, and  would  evolve  vapours  having  the  offensive  smell 
of  singed  hair,  and  restoring  the  blue  colour  to  red  litmus 
paper. 

To  ascertain  what  compound  of  ammonium  is  under  exa- 
mination, the  analyst  should  refer  to  (75). 
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Table  S. 

253.  Metals  reduced  on  Charcoal. 


Metallic  Globules. 

Incrustation. 

A  v}.f7.tY}.nn.i/ 

Very  brittle    .  . 

White  [ 
(. 

Arsenic  ... 
Bismuth... 

Copper  . . . 

White   

Brittle   

Red,  malleable  . . . 

Little  or  none  | 

Soft,  malleable  ... 

Yellow  1 

Malleable  

Little  or  none  | 

Tin  

Little  or  none . 

Zinc   

Yellow,  hot ;  J 
white  when  > 
cold  ) 

Remarks. 


Metal  volatilizes  (254, 
255). 

Garlic  fumes  (256). 

Metal    very  fusible 
(257). 

Difficult  to  fuse  (258, 
259,  260.) 

Metal  marks  paper 
(261,  262,  263). 

Not  oxidizable  (264, 
265). 

Easily  oxidizable  (266.) 
(267). 


NOTES  TO  TABLE  S- 

254.  Antimony  is  generally  reduced  by  the  blowpipe  in 
minute  globules,  which  are  not  easily  united  into  a  large 
globule.  It  is  easier  to  obtain  a  large  globule  of  antimony  if 
cyanide  or  ferrocyanide  of  potassium  is  employed  instead  of 
carbonate  of  soda. 

Antimony  generally  gives  off  a  white  smoke,  and  covers 
the  charcoal  with  an  incrustation  even  beyond  the  limits  of 
the  oxidizing  flame.  The  incrustation  generally  appears 
bluish  white,  the  black  charcoal  being  seen  through  it. 

The  globule  of  antimony  is  extremely  brittle,  falling  to  a 
metalUc  powder  when  struck  or  pressed.  The  metaUic  ap- 
pearance of  the  powder  must  be  observed,  or  else  brittle 
globules  of  slag  may  be  mistaken  for  antimony. 
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255.  The  compounds  of  antimony  most  likely  to  be  met 
wwith  in  blowpipe  analysis,  are — 

Sulphide  of  antimony,       Tartar  emetic,       Oxide  of  antimony. 

These  substances  have  been  described  at  (39). 

To  that  description  it  may  here  be  added,  that 

Sulphide  of  Antimony  gives  a  brown  mass  when  fused  with 
ccarbonate  of  soda  on  charcoal  (242). 

Tartar  emetic  crackles  {decrepitates)  and  sparkles  (scintil- 
hlates)  when  heated  alone  on  charcoal,  at  the  same  time  giving 
tithe  violet  flame  of  potassium. 

256.  The  presence  of  arsenic  should  be  confirmed  as  in 
ccolumn  5,  Table  E. 

When  arsenic  has  been  discovered,  (35)  should  be  referred 
M;o,  in  order  to  ascertain  whether  the  substance  under  exa- 
ninination  is  one  of  those  described  there.  If  it  is  not  then 
iddentified,  the  blowpipe  examination  must  be  continued,  with 
tthe  view  of  discovering  another  metal,  since  arsenic  is  often 
fpresent  in  considerable  quantity  in  ores  of  which  it  does  not 
fiform  the  mogt  important  ingredient. 

257.  Bismuth  is  often  mistaken  for  lead  by  beginners, 
tbecause  a  globule  of  this  metal  is  flattened  when  struck  or 
{pressed,  as  if  it  were  malleable  ;  but  if  the  flattened  bead  be 
ttouched  with  the  point  of  the  knife,  it  will  be  found  to  break 
tto  pieces,  which  is  never  the  case  with  lead. 

The  compounds  of  bismuth  which  are  most  frequently 
met  with,  are  described  at  (29). 

258.  Althoiigh  compoimds  of  copper  are  easily  reduced 
tto  the  metallic  state  before  the  blowpipe,  a  beginner  gene- 
rrally  experiences  some  difficulty  in  obtaining  a  globule  of 
nmalleable  copper.  The  metal  first  presents  itself  as  a  red- 
Ibrown  mass,  apparently  infusible ;  but  if  this  be  exposed  to 
tthe  point  of  the  blue  inner  flame,  which  is  the  hottest  region 
oor  focus  of  the  blowpipe  flame,  it  fuses  into  a  metallic  globule 
oof  tough  copper  which  requires  a  sharp  blow  to  flatten  it. 

This  experiment  affords  an  excellent  lesson  in  finding  the 
fifocus  of  the  flame. 
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259.  Copper  compounds  containing  sulphur  or  arsenic 
yield  a  brittle  globule  when  reduced ;  to  avoid  this,  such 
compounds  must  be  well  roasted  before  adding  carbonate  of 
soda,  by  exposing  them,  on  charcoal,  to  the  point  of  the 
outer  (oxidizing)  flame  so  long  as  they  exhale  any  odour  of 
sulphurous  acid,  or  any  garlic  odour  indicating  arsenic. 

260-  The  distinctive  characters  of  the  principal  com- 
pounds of  copper  have  been  mentioned  at  (27). 

Beside  these,  the  blowpipe  analyst  is  likely  to  meet  with 

Copper  pyrites,  composed  of  copper,  iron,  sulphur. 

„  \  copper,  iron,  antimony,  arsenic,  and 

Grey  copper  ore,       „      j  ^'g^jip^^ur. 

Coijper  Pyrites  may  generally  be  recognised  by  its  yellow 
colour  and  metallic  lustre  ;  some  of  its  varieties  (j)eacocJc  ore) 
exhibit  beautiful  rainbow  tints.  The  presence  of  iron  may 
be  proved  either  by  extracting  the  magnetic  particles  from 
the  slag  and  surrounding  charcoal  by  levigation,  as  directed 
in  (241),  or  by  fusing  a  particle  of  the  ore  with  a  bead  of 
borax  (243),  in  a  very  hot  reducing  (inner)  flame,  when  the 
ferrous  oxide  will  impart  a  bottle-green  colour  to  the  glass, 
if  the  temperature  be  sufficiently  high  to  fuse  the  copper 
into  a  minute  globule  which  separates  from  the  borax. 

Grey  Copjyer  Ore  has  a  steel-grey  colour,  and  metallic  lustre. 
If  it  be  heated  alone  on  charcoal  before  the  blowpipe,  the 
sulphur  and  arsenic  may  be  recognised  by  their  charac- 
teristic odours,  and  the  antimony  by  its  white  incrustation. 

To  obtain  a  bead  of  malleable  copper  from  grey  copper 
ore,  it  must  be  well  roasted  (in  powder)  in  the  outer  flame 
until  no  more  smell  of  sulphur  or  arsenic  is  perceptible,  then 
reduced  in  the  inner  flame,  with  addition  of  carbonate  of 
soda,  and  the  metallic  globule  exposed  to  an  intense  and 
prolonged  heat  at  the  point  of  the  inner  flame  to  volatiUze 
the  antimony. 

Brass  (Copper  and  Zinc),  is  recognised  by  its  giving  the 
incrustation  of  oxide  of  zinc,  which  is  yellow  when  hot,  and 
becomes  white  as  it  cools.    All  the  zinc  may  be  expelled  by 
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|-protracted  heating  in  the  point  of  the  inner  flame,  and  mal- 
lieable  copper  will  be  left. 

Gun-metal  (Copper  and  Tin),  yields  a  globule  which  has 
eexternally  the  colour  of  copper,  but  is  very  much  harder. 
EBy  judicious  exposure  to  the  outer  flame,  the  bulk  of  the  tin 
nnay  be  oxidized ;  and  if  a  Little  more  carbonate  of  soda  be 
tthen  added,  and  the  reducing  flame  applied,  a  globule  of  nearly 
fpure  copper  may  be  obtained. 

261.  Lead  is  very  easily  recognised  in  this  experiment 
tby  the  facility  with  wliich  a  globule  of  metal  of  considerable 
3size  may  be  obtained,  and  by  the  softness  of  the  globule, 
\which  admits  of  being  flattened  out  and  cut  with  a  knife. 
Ilf  the  flattened  globule  be  taken  between  the  finger  nails,  or 
rupon  the  point  of  a  knife,  and  dra^yn  across  a  piece  of  paper, 
lit  leaves  a  pencil-mark. 

262-  The  principal  compounds  of  lead  may  be  identified 
I  by  the  characters  described  at  (14). 

Galena  (sulphide  of  lead),  the  principal  ore  of  lead,  when 
tfused  on  charcoal  with  carbonate  of  soda,  gives  a  brown  slag 
(containing  sulphide  of  sodium,  and  if  an  insufiicient  quantity 
(of  carbonate  of  soda  be  employed,  the  globule  of  lead  is  often 
;  somewhat  brittle  from  the  presence  of  sulphur.  This  may 
Ibe  avoided  by  roasting  the  powdered  galena  in  the  outer 
I  flame  as  long  as  it  smells  of  sulphur,  before  adding  the 
(carbonate  of  soda.  Cyanide  or  ferrocyanide  of  potassium 
iwiU  furnish  malleable  lead  with  galena,  without  previous 
I  roasting. 

Type-metal  and  shrapnel  bullets  are  composed  of  lead 
:  alloyed  with  one-fourth  of  antimony,  which  renders  the 
:  alloy  hard  and  brittle.  By  exposing  it  for  some  time  to 
tthe  point  of  the  reducing  (inner)  flame,  all  the  antimony 
I  may  be  expelled  in  vapour,  and  soft  malleable  lead  ob- 
I  tained. 

Pewter  and  Solder,  alloys  of  Lead  and  Tin,  are  recognised 
1  by  their  yielding  a  white  infusible  dross  of  binoxide  of  tin 
■  when  heated  in  the  outer  blowpipe  flame. 
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263.  Detection  of  Silver  in  Lead  hy  the  Blowpipe.  Cu- 
pellation, — Scoop  a  bowl-sliaiDed  cavity  about  half  an  inch  in 
diameter,  in  a  piece  of  charcoal.  Fill  this  with  finely 
powdered  bone-ash,  which  must  be  pressed  down  with  the 
finger  so  as  to  fill  the  cavity  with  a  compact  mass  of  bone- 
ash,  smooth  and  slightly  hollowed  on  the  surface.  Place 
upon  this  a  small  piece  of  the  lead  under  examination,  hold 

the  charcoal  quite  horizontally, 
and  direct  the  extreme  point 
of  the  outer  (oxidizing)  flame 
upon  the  metal  (fig.  87).  The 
lead  immediately  fuses,  and 
the  oxide  which  is  formed  is 
absorbed,  in  the  liquid  state, 
by  the  porous  mass  of  bone- 
ash,  leaving  the  surface  of  the 
globiile  covered  with  a  very 
thin  film  of  oxide  which  ex- 
hibits rainbow  tints.  When  this  play  of  colour  on  the  sur- 
face of  the  metal  ceases,  and  the  globule  is  no  longer  dimi- 
nished in  size,  it  consists  of  pure  silver,  which  is  often  no 
more  than  a  mere  speck,  though  easily  recognised  by  its 
brilliant  whiteness. 

When  the  lead  contains  copper,  the  surface  of  the  bone- 
ash  exhibits  a  green  stain,  whilst  pure  lead  imparts  a  yellow 
colour. 

The  presence  of  tin  obstructs  the  cupellation,  an  infusible 
dross  of  binoxide  of  tin  being  formed  upon  the  surface. 

Silver  may  also  be  detected  in  bismuth  by  cupellation, 

264.  Silver  is  very  easily  reduced  to  the  metallic  state 
before  the  blowpipe,  but  a  sharp  heat  is  required  to  fuse  it 
into  a  globule,  which  is  then  easily  distinguished  from  all  other 
metals,  by  its  retaining  its  bright  metallic  surface  when 
fused  at  the  point  of  the  outer  (oxidizing)  flame,  and  by  its 
charactreistic  white  colour.    The  surface  of  the  silver  globule 
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is  generally  rough  and  frosted  after  cooling,  in  consequence 
of  the  disengagement  of  occluded  oxygen  in  the  act  of  solidi- 
fying, but  it  acquires  a  strong  metallic  lustre  when  rubbed. 

The  compounds  of  silver  most  commonly  met  with  have 
been  described  at  (12). 

When  Chloride  of  Silver  is  fased  with  carbonate  of  soda 
on  charcoal,  the  surface  of  the  latter  generally  becomes  coated 
with  a  white  incrustation  due  to  the  condensation  of  some 
vapour  of  chloride  of  sodium. 

265.  Detection  of  Copper  in  Silver. — Cupel  a  small  piece 
of  the  silver  with  a  piece  of  piire  lead,  as  directed  at  (263), 
when  the  copper  wiU  be  recognised  by  the  green  stain  pro- 
duced on  the  surface  of  the  bone-ash. 

Silver  containing  copper  is  blackened  when  heated  in  the 
outer  blowpipe  flame,  becoming  covered  with  a  film  of  black 
oxide  of  copper. 

266.  It  is  not  easy  to  obtain  a  large  globule  of  tin  by 
fusion  on  charcoal  with  carbonate  of  soda.  An  infusible 
mass  is  commonly  formed,  which  can  only  be  reduced  by  re- 
peated addition  of  carbonate  of  soda  and  protracted  blowing. 
Minute  globules  of  tin  are  then  easily  perceived  in  the  Hquid 
mass,  but  these  are  invisible  when  the  slag  has  solidified  on 
cooUng,  because  they  become  coated  with  white  oxide.  By 
levigating  the  mass  (p.  162)  large  spangles  of  tin  may  be 
obtained. 

If  there  be  any  reason  for  suspecting  the  presence  of  tin, 
it  is  advisable  to  employ  coarsely-powdered  cyanide  of  potas- 
situn  instead  of  carbonate  of  soda,  when  a  very  liquid  slag  is 
obtained,  in  which  a  large  globule  of  tin  may  be  formed  with- 
out difiiculty.  The  cyanide  of  potassium  abstracts  the  oxy- 
gen and  is  converted  into  cyanate  of  potash.  Cyanide  of 
potassium  covers  the  charcoal  with  a  white  incrustation. 

When  cyanide  of  potassium  is  not  at  hand,  powdered  ferro- 
cyanide  of  potassium  (yellow  prussiate  of  potash)  may  be  sub- 
stituted for  it,  but  the  globule  of  tin  then  obtained  will  be 
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rather  harder  and  less  fusible,  on  account  of  the  presence  of 
a  little  iron.  A  slight  yellow  incrustation  wiU  also  be  per- 
ceived on  the  surface  of  the  charcoal. 

The  chief  compounds  of  tin  have  been  described  at  (23) 
and  (37).  When  metallic  tin  is  heated  on  charcoal  before 
the  blowpipe,  it  yields  a  decided  incrustation  which  is  yeUow 
while  hot  and  white  on  cooling,  and  might  lead  this  metal  to 
be  mistaken  for  zinc,  but  fui'ther  examination  prevents  the. 
error  (267).  This  only  happens  when  the  unprotected  tin 
is  exposed  directly  to  the  strong  current  of  the  blowpipe 
flame ;  when  covered  with  slag,  tin  is  remarkably  fixed  even 
at  a  very  high  temperature,  and  hence  yields  little  or  no  in- 
crustation. 

Tin-plate  (sheet-iron  coated  with  tin)  is  at  once  recognised 
before  the  blowpipe  by  the  infusibility  of  the  iron,  the  tin 
readily  fusing  and  oxidizing  upon  its  surface. 

267.  Zinc,  being  easily  converted  into  vapour  at  a  bright 
red  heat,  does  not  yield  a  metallic  globule  before  the  blow- 
pipe,  but  the  formation  of  the  yellow  incrustation  which  is 
white  on  cooling  enables  this  metal  to  be  easily  detected.  By 
moistening  the  incrustation  with  loeaTc  solution  of  nitrate  of 
cobalt,  and  heating  intensely,  the  green  compound  of  oxides 
of  cobalt  and  zinc  may  be  produced. 

Compounds  of  zinc,  fused  with  carbonate  of  soda,  yield 
eventually  an  infusible  mass  which  is  brilliantly  incandescent, 
that  is,  emits  a  white  light  (with  a  greenish  tinge)  when  in 
the  flame.  This  mass  is  yellow  while  hot  and  becomes  white 
as  it  cools,  and  if  it  be  moistened  with  nitrate  of  cobalt  (245), 
and  again  intensely  heated,  it  becomes  bright  green. 

The  principal  compounds  of  zinc  have  been  described  at 
(53).  Metallic  zinc  burns  explosively  when  heated  on  char- 
coal with  the  blowpipe,  yielding  thick  wHte  fumes  of  oxide 
of  zinc. 
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Table  T. 

268.  Coloured  Beads  with  Borax. 


In  outer  flame. 

In  inner  flame. 

Chromium  

Iron   

Manganese  . . . 

Yellowish-green  glass  . . . 

Brownish-yellow  glass ... 
Purple  or  pink  glass  ... 
Brownish-yellow  glass... 

Emerald  green  glass  (269) 
Blue  (270) 

Brown  or  colourless  (271) 
Bottle-green  (272) 
Colourless  (273) 
Dusky  grey  (274). 

NOTES  TO  TABLE  T. 

269-  Should  the  colour  of  the  borax-bead  leave  any  doubt 
as  to  the  presence  of  chromium,  apply  the  following  test : — 

Moisten  the  loop  of  platinum  wire  in  the  mouth,  dip  it  into 
dried  carbonate  of  soda,  and  fase  this  into  a  bead,  repeating 
the  operation  if  necessary  until  the  bead  fills  the  loop.  (The 
bead  of  carbonate  of  soda  becomes  opaque  on  cooling.)  Heat 
the  bead  to  redness,  and  take  upon  it  a  little  nitrate  of  potash 
and  a  particle  of  the  substance  imder  examination.  Fuse  it 
for  a  few  moments  in  the  outer  blowpipe  flame.  If  chromium 
be  present,  a  bright  7/elloiv  opaque  bead  will  be  formed,  owing 
its  colour  to  the  chromate  of  soda. 

Should  the  bead  have  a  blue  colour  (green  when  hot),  it  is 
due  to  manganate  of  soda,  and  indicates  the  presence  of  man- 
ganese. 

The  compounds  of  chromium  commonly  met  with  have  been 
described  at  (61). 

The  yellowish  tinge  of  the  chromium  borax-bead  in  the 
outer  flame  is  due  to  the  presence  of  a  little  chromic  acid, 
which  becomes  reduced  to  chromic  oxide  in  the  inner  flame. 

N 
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270-  The  colouring  power  of  cobalt  is  very  intense,  and 
beginners  often  take  so  large  a  quantity  of  the  substance  upon 
the  bead  that  a  black  opaque  glass  is  obtained. 

The  presence  of  a  little  iron  renders  the  cobalt-bead  green 
while  hot. 

By  reduction  on  charcoal  and  levigation  (241)  many  of  the 
compounds  of  cobalt  may  be  made  to  yield  grains  of  metallic 
cobalt  which  luight  be  mistaken  for  iron,  hut  they  are  dis- 
solved by  a  mixture  of  hydrochloric  and  nitric  acids  to  a  blue 
or  green  solution,  which  becomes  pink  when  diluted. 

The  principal  compounds  of  cobalt  have  been  described  at 
(47). 

Cobalt  ores  generally  contain  arsenic,  sulphur,  bismuth, 
copper,  iron  and  nickel,  as  well  as  cobalt. 

271.  The  bead  furnished  by  copper  in  the  outer  flame  is 
green  while  hot,  and  becomes  blue  on  cooling,  but  the  shade 
of  blue  is  very  different  from  that  given  by  cobalt.  To  render 
the  glass  colourless  in  the  inner  flame,  it  is  necessary  that 
the  bead  should  not  be  very  highly  charged  mth  copper,  and 
should  be  exposed  just  in  the  hottest  part,  at  the  extremity 
of  the  inner  flame,  so  that  the  reduced  copper  may  fuse  into 
a  smaU  bead  and  attach  itself  to  the  wire.  If  there  be  too 
much  copper,  or  the  bead  be  not  sufficiently  heated,  the  bead 
will  assume  an  opaque  brown  colour-  due  to  the  separation  of 
minute  particles  of  copper  throughout  the  mass. 

If  a  small  particle  of  cyanide  of  potassium  be  taken  upon 
the  hot  bead  of  borax  which  has  been  charged  with  a  com- 
pound of  copper  in  the  outer  flame,  and  the  bead  be  then 
held  for  a  second  or  two  in  the  smokeless  part  of  the  ordinary 
flame,  it  at  once  becomes  opaque  brown,  and  if  now  fused  in 
the  outer  blowpipe-flame,  it  becomes  opaque  blue  after  cooling. 

The  presence  of  copper  should  always  be  confirmed  by  re- 
duction on  charcoal  with  carbonate  of  soda. 

The  chief  compounds  of  copper  have  been  described 

at  (27). 
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272.  The  colours  assumed  by  the  irou-beaci  in  the  outer 
and  inner  flames  will  be  found  to  vary  much  with  the  quan- 
tity of  iron  present. 

The  brownish-yellow  glass  obtained  in  the  outer  flame 
fades  very  much  on  cooling,  so  that  if  little  iron  is  present  it 
often  becomes  colourless. 

Since  iron  is  often  found  in  small  quantity  in  substances 
of  which  it  is  not  the  most  important  ingredient,  the  analyst 
must  use  some  judgment  in  arriving  at  a  conclusion  with  re- 
spect to  the  real  nature  of  the  substance. 

The  principal  compounds  of  iron  are  described  at  (45). 

Sulphate  of  iron,  when  strongly  heated  in  a  small  tube 
closed  at  one  end  (17),  evolves  thick  white  vapours  of  sul- 
phuric acid,  which  strongly  redden  blue  litmus  and  are  ac- 
companied by  an  odour  of  sulphurous  acid.  The  residue  left 
after  strongly  heating  will  exhibit,  when  cold,  the  charac- 
teristic red  colour  of  colcothar. 

273.  Manganese  has  so  great  colouring  power  that  even  a 
small  quantity  will  often  render  the  glass  opaque.  In  order  to 
obtain  a  colourless  glass  in  the  inner  flame,  the  bead  must  be 
held  just  at  the  point  of  a  good  inner  flame,  and  the  de- 
coloration of  this  glass  affords  a  good  test  of  the  skill  of  the 
operator  in  preserving  the  distinction  between  the  two  flames. 
If  the  bead  be  carefully  observed  whilst  in  the  reducing 
flame,  it  will  be  seen  to  become  streaky,  and  at  the  moment 
of  the  disappearance  of  these  streaks,  the  bleaching  will  be 
foimd  complete. 

If  a  minute  particle  of  cyanide  of  potassium  be  taken  upon 
the  bead  of  borax  which  has  been  charged  with  manganese 
in  the  outer  flame,  and  the  bead  be  heated  for  a  second  or 
two  in  the  smokeless  part  of  an  ordinary  flame,  it  becomes 
quite  colourless. 

The  presence  of  manganese  should  be  confirmed  by  fusing 
a  small  particle  of  the  substance  with  carbonate  of  soda  and 

N  2 
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nitrate  of  potash  (269)  in  the  outer  flame,  when  an  opaque 
blue  bead  (manganate  of  soda)  wiU  be  obtained  (green  when 
hot),  wHcli  becomes  brown  when  exposed  to  the  inner  flame. 

The  principal  compounds  of  manganese  have  been  described 
at  (55). 

274.  The  borax-beads  of  iron  and  nickel  are  very  com- 
monly mistaken  for  each  other  by  beginners,  although  close 
observation  recognises  the  peculiar  muddy  grey  colour  pro- 
duced in  the  inner  flame,  in  consequence  of  the  reduction  of 
a  portion  of  the  nickel. 

If  a  particle  of  nitrate  of  potash  be  taken  up  with  the  hot 
bead,  and  the  latter  exposed  to  the  outer  flame,  it  assumes  a 
purple  tint  due  to  the  formation  of  borate  of  nickel  and 
potassium. 

The  ordinary  compounds  of  nickel  have  been  described 
at  (49). 

MoBt  nichel  ores  contain  arsenic,  sulphur,  copper,  iron  and 
cobalt,  as  well  as  nickel,  and  since  the  cobalt  has  much  more 
colouring  power  than  nickel,  it  is  rarely  that  the  latter  metal 
can  be  detected  in  the  ore  by  the  blowpipe. 

NicJcel-speiss  is  a  compound  of  arsenic,  sulphur,  mckel  and 
often  iron  and  copper,  obtained  in  the  preparation  of  smalt- 
blue  from  cobalt  ores.  It  is  a  dark  grey  or  greenish  grey 
mass  having  a  metaUic  lustre.  The  arsenic  and  sulphur  can 
be  recognised  by  the  odour  evolved  when  the  substance  is 
roasted  on  charcoal  at  the  point  of  the  outer  flame. 
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275.  Coloured  Flames. 


Green  flame*  (276) 

Eed  (277) 

Bluish  green*  (258) 

Violet  blue  (279)- 

Yellow  (280) 

Carmine  (281). 

NOTES  TO  TABLE  U. 

27G.  A  beginner  very  often  fails  to  obtain  the  green  flame 
of  barium,  especially  when  operating  upon  the  sulphate.  To 
ensure  success,  it  is  well  to  mix  a  Little  of  the  substance  to  a 
paste  with  a  drop  of  hydrochloric  acid,  and  to  take  a  very  little 
of  this  upon  the  extremity  of  the  wire,  which  is  then  held  in 
the  point  of  a  sharp  blue  inner  flame.  At  first  the  yellow 
sodium  flame  is  generally  seen,  but  after  a  short  time  the 
grass-green  barium  flame  makes  its  appearance. 

The  green  flame  may  be  even  more  easily  obtained  by 
fusing  the  sulphate  of  baryta  with  a  bead  composed  of  fluor 
spar  fused  with  about  twice  as  much  sulphate  of  lime. 

The  tint  of  the  barium  flame  is  very  different  from  that 
given  by  copper,  and  copper  should  already  have  been  ex- 
cluded by  the  tests  on  charcoal  and  with  the  borax-bead. 

The  commonest  compounds  of  barium  have  been  described 
at  (65). 

277.  It  is  not  easy  to  distinguish  between  the  flames  of 
calcium  and  strontium,  unless  they  are  seen  side  by  side.  By 
comparing  the  colour  imparted  to  the  flame  by  nitrate  of 
strontia  with  that  caused  by  the  substance  under  examination, 
the  danger  of  error  is  much  diminished. 

•  Boracic  acid  also  tinges  the  flame  green,  though  of  a  difi'erent  shade 
from  that  produced  by  barium  or  copper.  The  distinctive  characters  of 
boracic  acid  are  given  at  (117). 
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278.  The  compounds  of  calcium  or  lime  ordinarily  met 
with  have  been  described  at  (69). 

Sulphate  of  Lime  may  be  recognised  by  mixing  it  with  an 
equal  quantity  of  powdered  fluor  spar  (fluoride  of  calcium), 
and  heating  on  a  loop  of  platinum  wire,  when  it  fuses  easily 
to  a  clear  glass,  which  becomes  opaque  on  cooling. 

Phosphate  of  Lime  may  be  identified  by  moistening  it  with 
a  drop  of  strong  sulphuric  acid,  and  exposing  it,  on  platinum 
wire,  to  the  inner  blowpipe  flame,  when  the  phosphoric  acid 
undergoes  reduction,  and  the  phosphorus  imparts  a  peculiar 
livid  greenish  hue  to  the  outer  flame. 

Fluoride  of  Calcium,  when  heated  on  a  knife,  or  on  a  piece 
of  platinum  foil,  generally  crackles  {decrepitates)  and  emits  a 
peculiar  blue  light  resembling  a  pale  flame  of  sulphur.  When 
mixed  with  an  equal  quantity  of  sulphate  of  lime  and  heated 
on  a  loop  of  platinum  wire,  it  fuses  easily  to  a  clear  glass, 
.  which  becomes  opaque  on  cooling. 

279.  The  violet-blue  flame  of  potassium  is  easily  ob- 
scured by  the  yellow  sodium-flame.  To  avoid  error  from  this 
cause,  the  flame  should  be  examined  through  a  square  of 
cobalt-blue  glass,  through  which  the  yellow  rays  of  the  sodium 
flame  are  not  transmitted. 

The  common  compounds  of  potassium  have  been  described 
at  (77). 

Nitrate  and  Chlorate  of  Potash  would  cause  vivid  combus- 
tion (deflagration)  when  heated  on  charcoal. 

Bisulphate  of  Potash  gives  thick  suff"ocating  fames  of  sul- 
phuric acid  when  heated  before  the  blowpipe  on  charcoal. 

Bitartrate  of  Potash  emits  the  characteristic  smell  of  burnt 
sugar  when  heated  before  the  blowpipe. 

Ferrocyanide  of  Potassium  (yellow  prussiate  of  potash) 
evolves  an  odour  of  ammonia  when  heated. 

280-  Since  almost  every  substance  contains  enough 
sodium  to  impart  a  yellow  tinge  to  the  flame,  the  analyst 
must  hesitate  before  deciding  that  sodium  is  an  essential  con- 
stituent of  the  substance  under  examination.    In  order  to 
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warrant  such  a  conclusion,  the  substance  must  impart  a  very 
strong  and  persistent  yellow  colour  to  the  flame. 

It  should  also  be  carefully  examined  for  those  characters 
which  are  described  at  (80)  as  belonging  to  the  ordinary  com- 
poimds  of  sodium. 

Chloride  of  Sodium  usually  crackles  {decrepitates)  when 
heated. 

Nitrate  of  Soda  causes  vivid  combustion  (deflagration) 
when  heated  on  charcoal. 

Hyposulphite  of  Soda,  when  heated,  melts  easily,  burns 
with  a  blue  flame  evolving  the  odour  of  burning  sulphur,  and 
leaves  a  brown  residue  of  sulphide  of  sodium. 

Biborate  of  Soda  would  be  identified  by  its  yielding  a 
borax-bead  on  a  loop  of  platinum  wire. 

Tungstate  of  Soda  may  be  recognised  by  fusing  it  with  a 
bead  of  borax,  to  which  the  tungstic  acid  imparts  a  pale 
yellow  colour  in  the  outer  flame,  becoming  indigo-blue  in  the 
inner  flame. 

281-  The  precaution  recommended  in  (277)  should  be 
taken  in  order  to  avoid  mistaking  calcium  for  strontium. 

The  chief  compounds  of  strontium  have  been  described  at 
(67). 

282.  Examples  for  Practice  in  Exercise  XVI.  (See  10.) 


Arsenious  acid 
Chloride  of  ammonium 
Binoxide  of  tin 
Red  lead 
Chloride  of  silver 
Oxide  of  antimony 
Oxide  of  nickel 
Chloride  of  barium 
Carbonate  of  lime 
Calomel 
Oxide  of  zinc 
Oxide  of  copper 


Colcothar  (peroxide  of  iron) 
Oxide  of  bismuth 
Binoxide  of  manganese 
Oxide  of  cobalt 
Nitrate  of  strontia  ■ 
Nitrate  of  potash 
Carbonate  of  soda 
Lead  containing  silver  and 

copper* 
Oxide  of  chromium 
Alum 

Sulphate  of  magnesia. 


*  Obtained  by  melting  a  pound  of  lead  in  a  crucible  with  a  little 
borax,  dissolving  a  shilling  in  it,  casting  the  alloy  into  a  thin  plate,  on 
a  stone,  and  cutting  it  up  into  fragments. 


* 
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NOTES  TO  TABLE  W- 

285-  In  performing  this  test,  it  is  seldom  requisite  to 
apply  the  blowpipe  flame.  The  tube  should  be  held,  as 
represented  in  fig.  33,  in  the  lower  part  of  an  ordinary 
flame. 

Bisiilphate  of  potash,  when  raised  to  a  moderately  high 
temperature,  evolves  vapour  of  sulphuric  acid.  The  analyst 
should  familiarize  himself  with  the  smell  of  the  vapour 
obtained  by  heating  the  bisulphateof  potash,  before  proceed- 
ing to  draw  a  conclusion  from  this  test. 

The  action  of  the  bisulphate  of  potash  is  due  to  its  power- 
fully acid  character,  which  enables  it  to  expel  acids  from 
their  compounds,  at  a  high  temperature,  much  in  the  same 
way  as  strong  sulphuric  acid  itself. 

286.  If  a  little  black  oxide  of  manganese  or  nitrate  of 
potash  be  mixed  with  the  bisulphate  of  potash  and  the 
suspected  chloride,  it  will  evolve  chlorine  itself  on  applying 
heat,  which  may  be  recognised  by  its  odour  and  its  power  of 
bleaching  test-papers. 

The  following  blowpipe  test  is  also  sometimes  employed 
for  the  detection  of  a  chloride. 

Make  a  bead  of  metaphosphate  of  soda  by  fusing  micro- 
Cosmic  salt  (phosphate  of  soda  and  ammonia)  in  a  loop  of 
platinum  wire,  as  in  the  borax-bead  test ;  *  take  upon  this 
some  black  oxide  of  copper,  and  fuse  it  in  the  outer  flame  of 
the  blowpipe.  The  bead  has  a  dark  blue  colour,  and  does 
not  impart  any  blue  or  green  colour  to  the  outer  flame  when 
held  in  the  inner  flame.  If  a  small  quantity  of  a  chloride  be 
taken  up  on  the  hot  bead,  it  will  colour  the  outer  flame  green 
or  blue,  when  held  in  the  inner  flame,  in  consequence  of  the 
formation  of  chloride  of  copper.    Sulphate  of  copper  may  be 


*  The  loop  should  be  made  double  to  enable  the  microcosmic  salt  to 
hang  to  it  better  while  beiug  fused. 
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substituted  for  the  oxide,  but  the  colour  is  then  usually 
limited  to  a  bright  blue  halo  immediately  around  the  bead. 
Bromides  and  iodides  would  produce  a  similar  result,  but 
they  would  evolve  bromine  and  iodine,  respectively,  when 
fused  with  bisulphate  of  potash. 

The  description  of  the  principal  chlorides  will  be  found  on 
referring  to  the  index. 

287.  If  fi  little  chloride  of  sodium  (common  salt)  be 
added  to  the  mixture  of  bisulphate  of  potash  with  the  sus- 
pected nitrate,  chlorine  will  be  evolved,  and  may  be  recog- 
nised by  its  peculiar  odour  and  power  of  bleaching  test- 
papers. 

If  a  nitrate  is  heated  upon  charcoal,  it  causes  vivid  com- 
bustion (deflagration). 

All  nitrates  except  those  of  potash,  soda  and  ammonia, 
evolve,  sooner  or  later,  brown  vapour  of  nitric  peroxide,  with 
its  peculiar  odour,  when  heated  in  a  tube,  by  themselves. 

The  description  of  the  principal  nitrates  will  be  found  on 
referring  to  the  index. 

The  ordinary  saltpetre  of  commerce  contains  chlorides  of 
potassium  and  sodium,  and  therefore  evolves  some  chlorine 
when  heated  with  bisidphate  of  potash. 

288.  The  carbonates  are  of  course  far  more  easily  re- 
cognised by  their  effervescence  when  moistened  with  hydro- 
chloric acid  in  the  coloured  flame  test  (244). 

289.  The  odour  of  hydrofluoric  acid  is  far  more  painfully 
pungent  than  that  of  hydrochloric  acid. 

On  breathing  upon  the  mouth  of  the  tube,  a  little  opaque 
silica  is  deposited  on  the  glass,  from  the  decomposition  of 
fluoride  of  silicon  resulting  from  the  action  of  the  hydro- 
fluoric acid  upon  the  silica  in  the  glass. 

The  corrosion  of  the  tube  is  indicated  by  its  peculiar 
greasy  appearance,  but  can  only  be  fully  seen  after  the  tube 
has  been  well  washed  and  dried. 
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Fluor-spar  (fluoride  of  Ccalcium)  and  kryolite  (fluoride  of 
aliimiiium  and  sodium)  are  tlie  only  fluorides  commonly 
met  with  in  lilowpipe  analysis,  and  have  been  described 
at  (89). 

290-  It  must  be  remembered  that  chlorine  would  also 
be  evolved  from  a  chlo?"«/c  mixed  with  some  oxidizing 
agent (287). 

Chlorates,  heated  on  charcoal,  cause  vivid  combustion 
(deflagration). 

The  chlorates,  when  moderately  heated  by  themselves,  in 
a  small  tube,  evolve  oxygon,  recognised  by  its  power  of 
accelerating  the  combustion  of  a  sjiark  at  the  end  of  a  match 
when  held  in  the  mouth  of  the  tube. 

The  only  chlorates  at  all  commonly  met  with,  those  of 
potash  and  baryta,  have  been  described  at  (90). 

Hypochlorite  of  lime,  the  only  hypochlorite  likely  to  be 
met  with,  has  been  described  at  (69). 

291.  Any  doubt  about  the  presence  of  iodine  could  be 
set  at  rest  by  exposing  to  the  vapour  a  piece  of  cotton  or 
paper  which  had  been  starched ;  this  would  be  coloured 
intensely  blue  by  the  iodine,  if  previously  moistened.  Iodine 
itself  would  be  recognised  by  heating  it  in  a  tube,  when  it 
would  fuse  and  be  entirely  converted  into  violet  vapour, 
condensing  in  black  shining  scales  on  the  side  of  the  tube. 
The  principal  iodides  Avill  be  found  on  referring  to  the 
index. 

292-  If  a  piece  of  moistened  starched  paper  or  cotton  be 
exposed  to  the  vapour  of  bromine,  it  acqiiires  a  fine  yellow 
colour. 
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Table  X. 

293.  Heating  in  small  tube  for  Non-metals 
and  Acids. 


Acid  vapours  are 
evolved  without 
carbonization. 

Either  sulphuric,  hydrochloric,  nitric  or 
oxalic  acid  is  probably  present  (294). 

Carhonization  takes 
place. 

Presence  of  some  organic  matter  ;  perhaps 
tartaric  or  acetic  acid  (295). 

Broiun  acid  vapours. 

Presence  of  nitric  acid  (296). 

Reddish  drops  of  sul- 
phur condense  on 
the  sides  of  the 
tube. 

Presence  of  sulphur  or  a  sulphide  (297). 

Violet  vapours. 

Presence  of  iodine  (298). 

Cyanogen  is  evolved. 

Presence  of  a  cyanide  (299). 

Oxygen   is  evolved 
and   rekindles  a 
spark  on  the  end 
of  a  match. 

Presence  of  a  chlorate,  a  nitrate,  or  some 
easily  decomposed  metallic  oxide  (300). 

NOTES  TO  TABLE  X. 

294-  The  sulphates  are  affected  by  heat  in  very  different 
degrees. 

Sulphates  of  potash,  soda,  baryta,  strontia,  lime,  magnesia, 
aad  lead  would  not  yield  acid  vapours  iu  this  experiment. 
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Bisulpliates  of  potash  and  soda  give  strong  fumes  of  snl- 
phuric  acid. 

Sulphate  of  ammonia  evolves  sulphurous  and  sulphuric 
acids,  and  is  entirely  dissipated  by  heat. 

Sulphate  of  iron  evolves  sulphurous  and  sulphuric  acids, 
leaving  a  red  residue  of  peroxide  of  iron. 

The  sulphates  of  alumina,  zinc,  manganese,  nickel,  cobalt, 
and  copper  require  a  much  higher  temperature  to  decompose 
them,  and  evolve  chiefly  sulphurous  acid. 

295-  If  tartaric  acid  be  present,  a  pecuhar  smell,  like 
that  of  burnt  sugar,  is  evolved.  The  acetates  also  evolve  an 
odour  of  acetone,  which  is  rather  pleasant. 

The  tartrates  and  acetates  of  potash,  soda,  baryta,  strontia, 
and  lime,  when  heated,  leave  a  residue  composed  of  charcoal 
mixed  with  a  carbonate,  which  effervesces  with  acids,  and,  in 
the  cases  of  potash  and  soda,  is  very  strongly  alkahne. 

296-  The  nitrates  of  potash  and  soda  do  not  evolve  acid 
vapours  when  heated.  Nitrate  of  ammonia  is  extremely 
fusible,  and  is  entirely  dissipated  by  heat. 

The  other  nitrates  evolve  brown  acid  vapours  when  heated. 
Nitrate  of  silver  requires  a  high  temperature  for  its  decom- 
position. 

297.  The  smell  of  sulphur  would  be  perceived  here. 

The  only  common  sulphides  which  give  ofE  sulphur  when 
heated  in  a  tube  are  iron  pyrites  and  copper  pyi-ites. 

298.  The  smell  of  iodine  is  characteristic. 

Indigo  blue. also  gives  ofE  violet  vapours  when  heated. 

Iodide  of  lead  is  the  only  common  iodide  which  evolves 
iodine  vapour  when  heated  in  a  tube. 
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299-  The  smell  of  cyanogen  is  very  peculiar. 

This  gas  should  burn  with  a  pink  flame  on  approaching 
the  mouth  of  the  tube  to  a  light. 

Cyanides  of  mercury  and  silver  are  the  only  ordinary  cya- 
nides which  evolve  cyanogen  when  heated. 

300-  Chlorates  yield  oxygen  more  abundantly  and  at  a 
lower  temperature  than  the  nitrates,  and  both  salts  fuse  be- 
fore undergoing  decomposition. 

The  metallic  oxides  would  not  fuse  before  evolving  oxygen. 
The  principal  metallic  oxides  which  give  off  oxygen  when 
heated,  are  black  oxide  of  manganese,  red  lead,  oxide  of  mer- 
cury, oxide  of  silver. 


Table  Y. 

301.  Detection  of  Non-metals  and  Acids  on 
charcoal  before  the  blowpipe- 


Nitrates 
Chlorates 

Deflagrate,  that  is,  cause  vivid  combustion  of  the 
chai'coal. 

Sulphides 

Evolve  the  odour  of  sulphurous  acid  when  roasted 

alone  in  the  outer  flame. 
Yield  a  brown  fused  mass  with  carbonate  of  soda 

in  the  inner  flame. 

Silicates 
Borates 

Yield  with  carbonate  of  soda  a  bead  of  glass 
which  is  not  absorbed  by  the  charcoal  (242). 
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NOTES  TO  TABLE  Z. 

303.  As  this  test  depends  upon  the  formation  of  sulphide 
of  sodium,  any  compound  containing  sulphur  would  furnish 
the  same  result,  so  that  the  analyst,  before  concluding  that 
the  substance  under  examination  is  a  sulphate,  must  take  its 
general  characters  into  consideration. 

The  presence  of  sulphide  of  sodium  in  the  fused  mass  is 
detected  with  greater  dehcacy  by  dissolving  it,  on  a  crucible- 
lid  or  in  a  small  capsule,  in  a  few  drops  of  water,  and  adding 
a  little  nitroprusside  of  sodium,  which  gives  a  fine  purple 
colour. 

The  following  is  also  a  delicate  blowpipe  test  for  sulphur. 
Make  a  small  bead  of  pure  carbonate  of  soda  on  a  platinum 
loop  (269),  and  take  successive  portions  of  pure  silica  upon 
it,  until  the  fused  bead  remains  transparent  after  cooling. 
The  bead  should  now  remain  colourless  even  when  heated  in 
the  reducing  flame,  but  if  a  particle  of  a  substance  containing 
sulphur  in  any  form  be  added  to  it,  it  will  assume  a  brown 
yellow  colour  in  the  reducing  (inner)  flame,  due  to  the  forma- 
tion of  sulphide  of  sodium. 

304.  This  test  requires  some  patience,  since  it  is  neces- 
sary to  repeat  the  addition  of  sihcic  acid  many  times  in  order 
to  obtain  a  transparent  glass  of  silicate  of  soda.  The  glass  is 
often  coloured  yellow  by  the  presence  of  a  little  sulphide  of 
sodium  (see  303). 

Boracic  acid  would  also  render  a  bead  of  carbonate  of  soda 
transparent,  but  the  following  test  vtUI  prevent  mistakes. 
Make  a  bead  with  microcosmic  salt  (286),  which  is  perfectly 
transparent.  The  bead  thus  obtained  will  dissolve  nearly 
every  other  substance  but  silica,  so  that  particles  of  that  sub- 
stance may  be  seen  floating  about  undissolved  in  the  fused 
bead. 
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BLOWPIPE  TEST  FOR  PUOSPHORIC  ACID. 


305-  This  extremely  delicate  test  for  boracic  acid  depends 
upon  the  production  of  fluoride  of  boron,  by  the  action  of  the 
hydrofluoric  acid  resulting  from  the  decomposition  of  the  fluor- 
spar by  the  bisulphate  of  potash.  The  fluoride  of  boron  tinges 
the  outer  flame  green.  If  much  sodium  be  present,  the  green 
colour  is  not  easily  perceived. 

Borax  (biborate  of  soda)  would  be  easily  recognised  by  its 
behaviovir  when  heated  on  a  loop  of  platinum  wire. 

306.  Ill  this  test,  the  phosphoric  acid  set  free  by  the 
action  of  sulphuric  acid  is  deoxidized  by  the  flame,  and  the 
vapour  of  phosphorus  which  is  produced  imparts  the  peculiar 
livid  tinge  to  the  outer  flame. 

This  test  does  not  give  a  satisfactory  result  when  much 
sodium  is  present. 

The  following  is  the  most  conclusive  blowpipe  test  for  phos- 
phoric acid. 

Mix  the  compound  to  be  tested  with  two  or  three  parts  of 
dried  boracic  acid,  and  fuse  it  in  a  cavity  scooped  in  charcoal. 
Thrust  into  the  melted  mass  about  half  an  inch  of  very  thin 
iron  wire  (of  which  twelve  inches  weigh  one  grain)  and  heat 
it  for  two  or  three  minutes  in  a  powerful  reducing  flame.  If 
phosphoric  acid  be  present,  a  hard  silvery  brittle  metallic 
globule  of  iron  containing  phosphorus  will  be  formed,  which 
may  be  extracted  from  the  fused  mass  by  wrapping  it  in 
stout  paper  and  striking  it  with  a  hammer  upon  the  anvil. 


307-  Examples  for  Practice  in  Exercise  17  (10). 


Chloride  of  sodium 
Carbonate  of  soda 
Chlorate  of  potash 
Bitartrate  of  potash 
Nitrate  of  lead 
Cyanide  of  mercury 
Silica  (white  sand) 
Sulphate  of  baryta 


Nitrate  of  potash 
Fluor-spar 
Iodide  of  potassium 
Acetate  of  lead 
Iron  pyrites 
Sulphide  of  iron 
Boracic  acid 

Phosphate  of  lime  (bone- ash). 


TESTS  USED  IN  ANALYSIS. 
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ALPHABETICAL  LIST  OF  THE  PRINCIPAL 
TESTS  OR  REAGENTS. 

308.  Acetate  of  Lead,  or  Plumbic  Acetate,  may  be  ob- 
tained at  oil  and  colour  shops  as  sugar  of  lead  (14).  One 
ounce  is  sufficient.  To  prepare  the  solution,  shake  half  an 
ounce  with  five  measured  ounces  of  distilled  or  rain  water, 
until  dissolved,  with  exception  of  a  Httle  white  carbonate  of 
lead  which  may  be  filtered  off. 

Scraps  of  lead  partly  covered  with  vinegar,  in  an  open 
bottle,  wiU  give  a  solution  of  acetate  of  lead  in  the  course  of 
a  few  hours. 

Acetate  of  Lead  is  a  test  for 
Sulphuretted  hydrogen     .    .    Black  precipitate  (97) 

Chromic  acid  Yellow  precipitate  (120) 

 Yellow  precipitate  (93). 

309.  Acetic  Acid  is  the  acid  of  vinegar,  and  is  sold  by 
druggists  in  a  diluted  state  (149).  Four  ounces  will  suffice. 
It  must  not  give  any  precipitate  when  mixed  with  excess  of 
ammonia  (5)  and  sulphide  of  ammonium. 

By  boiling  vinegar  with  powdered  wood-charcoal,  and 
filtering  it,  or  much  better,  by  distilling  vinegar  (227), 
acetic  acid  may  be  obtained  sufficiently  pure  for  most  pur- 
poses. 

310.  Alcohol  of  sufficient  strength  for  ordinary  use  is 
sold  as  spirit  of  luine.  The  methylated  spirit,  sold  at  the 
oil-shops  as  methjlated finish,  is  much  cheaper,  and  answers 
for  most  of  the  uses  of  alcohol  (209,  210).  Fom-  ounces  (or 
a  gill)  will  suffice. 

311.  Ammonia  is  sold  by  the  druggist  as  liquor  ammonice 
or  hartshorn,  prepared  by  absorbing  ammoniacal  gas  in 
water  (75).    Eight  ounces  should  be  provided. 

It  must  not  give  any  precipitate  with  oxalate  of  ammonia 
(mdicating  lime),  and  very  little,  if  any,  with  chloride  of 
calcium  (indicating  carbonate  of  ammonia). 
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TESTS  USED  IN  ANALYSIS. 


A  mmonia  is  a  test  for 

Copper   Bright  blue  colour  (26) 

JJickel   Violet  blue  (48) 

Iron  (as  peroxide)     ....  Red  brown  precipitate  (45) 

Mercury  (as  a  mercurous  salt)  .  Grey  precipitate  (13). 

312-  Antimoniate  of  Potash,  or  Hydropotassic  Metan- 
TiMONiATE,  can  be  obtained  only  from  the  operative  chemist 
(39).  Two  drachms  of  the  salt  should  be  boiled  with  five 
measured  ounces  of  distilled  or  rain  water,  in  a  flask,  for  a 
few  minutes,  and  filtered.  A  drop  of  the  solution  stirred 
with  a  drop  of  carbonate  of  soda  upon  a  slip  of  glass  (fig.  27) 
should  give  a  distinct  precipitate  upon  the  lines  of  friction. 

313.  Bicarbonate  of  Soda,  or  Hydrcsodic  Carbonate,  is 
sold  by  the  druggist  under  the  name  of  carbonate  of  soda,  in 
the  form  of  powder  (80).  One  ounce  should  be  placed  in 
the  bottle,  and  shaken  with  eight  measured  ounces  of  cold 
distilled  or  rain  water. 

Bichloride  of  Mercury  ;  see  Perchloride  of  Mercury. 

314.  Bichloride  of  Platinum,  or  Platinic  Chloride, 
(also  called  chloride  and  perchloiHde  of  platinum  and  muriate 
of  platina,)  may  be  obtained  from  the  operative  chemist, 
generally  in  the  form  of  a  solution  in  water.  It  is  expensive. 
Half  an  ounce  wiU  sufiice.  It  should  give  a  well  marked 
precipitate  when  stirred  upon  a  slip  of  glass  with  a  drop  of 
a  moderately  strong  solution  of  nitrate  of  potash  (76). 

To  prepare  bichloride  of  platinum,  dissolve  10  grains  of 
scrap  platinvim  (or  old  platinum  foil)  in  a  flask,  by  gently 
heating  it  with  two  measured  drachms  of  strong  hydrochloric 
acid,  and  half  a  drachm  of  strong  nitric  acid.  Pour  the 
solution  into  a  dish,  and  evaporate  it  at  a  gentle  heat 
(fig.  30)  till  it  becomes  a  syrup  which  solidifies  on  cooling. 
Dissolve  this  in  an  ounce  and  a  half  of  distilled  or  rain  water. 

315.  Bichromate  of  Potash,  or  Potassio  Dichromate,  is 
sold  by  the  operative  chemist  in  crystals  (61).  Half  an 
ounce  of  the  crystals  may  be  dissolved  in  eight  measured 
ounces  of  hot  distilled  water. 
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316.  BiSULPHATE  OF  POTASH,  Or  HtDROPOTASSIC  SuLPHATE, 

is  sold  in  a  crystalline  form  by  the  operative  chemist  (77). 
It  is  only  required  for  blowpipe  analysis.  One  ounce  will 
suffice.  It  is  generally  made  in  the  laboratory  from  the 
residue  left  in  preparing  niti-ic  acid. 

317.  Bone-ash  is  made  by  burning  bones  white  in  a 
clear  fire,  and  grinding  the  ash  to  a  fine  powder  (56).  It  is 
sold  by  the  operative  chemist,  and  is  only  required  for  blow- 
pipe analysis. 

318.  BoRACic  Acid  is  generally  sold  by  the  operative 
chemist  in  the  crystallized  form  (117).  It  is  only  used  in 
blowpipe  analysis.  Half  an  ounce  of  the  crystals  should  be 
dried  in  an  evaporating  dish  placed  in  an  oven  or  over  a  low 
flame,  and-  reduced  to  powder. 

319.  Borax  is  sold  at  the  oil-shops  in  crystals  (80).  An 
ounce  of  the  crystals  should  be  heated  in  an  evaporating 
dish  over  a  moderate  flame,  till  the  spongy  mass  ceases  to 
swell  up  and  evolve  steam,  when  it  should  be  reduced  to 
powder. 

320-  Carbonate  of  Ammonia,  or  Ammonic  Sesqui- 
carbonate,  is  sold,  under  the  former  name,  by  the  druggist, 
in  white  lumps  (75).  Two  ounces  of  the  salt  should  be 
reduced  to  powder,  and  shaken,  in  the  bottle,  with  six 
measured  ounces  of  cold  distilled  or  rain  water. 

321.  Carbonate  of  Soda,  or  Sodic  Carbonate,  is  best 
obtained  for  use  in  analysis  from  the  bicarbonate  of  soda 
commonly  sold  as  a  white  powder  under  the  name  of  Carbo- 
nate of  Soda  (80).  This  should  be  heated  in  an  evaporating 
dish  over  a  Bunsen  burner  (fig.  35)  for  a  quarter  of  an 
hour,  so  as  to  drive  off  half  its  carbonic  acid.  After  cool- 
ing, one  ounce  of  the  carbonate  may  be  dissolved  in  six 
measured  ounces  of  distilled  or  rain  water.  The  solution, 
when  acidulated  with  dilute  nitric  acid,  should  give  no  pre- 
cipitate with  nitrate  of  baryta  (indicating  sulphate  of  soda), 
or  nitrate  of  silver  (indicating  chloride  of  sodium). 
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322.  Chloride  of  Ammonium,  or  Ammonic  Chloride,  is  sold 
under  the  names  of  sal-ammoniac  and  muriate  of  ammonia,  by 
the  druggist.  The  crystallized  salt  is  purer  than  the  lumps  ob- 
tained by  sublimation,  which  are  coloured  brown  by  iron  (75). 

Dissolve  one  ounce  of  the  salt  in  eight  measured  ounces  of 
warm  distilled  or  rain  water. 

Chloride  of  Ammonium  is  a  test  for 
Platinum  Yellow  granular  precipitate. 

323.  Chloride  OF  Barium,  or  Baric  Chloride,  is  sold  by 
the  operative  chemist,  as  muriate  of  barytes,  in  crystals  (65). 
The  solution  is  made  by  dissolving  half  an  ounce  of  the  salt 
in  five  measured  ounces  of  distilled  or  rain-water. 

324.  Chloride  of  Calcium,  or  Calcic  Chloride,  may  be 
obtained  from  the  operative  chemist  either  in  crystals,  or 
more  commonly  in  white  lumps  of  dried  chloride  of  calcium 
(69).  One  ounce  may  be  dissolved  in  four  measured  ounces 
of  distilled  or  rain  water  for  use  as  a  test. 

Chloride  of  calcium  is  easily  made  by  adding  chalk,  or 
whitening,  or  marble,  to  dilute  hydrochloric  acid,  as  long  as 
it  is  dissolved,  boiling  the  solution  till  it  no  longer  reddens 
blue  litmus  paper,  and  filtering. 

325.  Chloride  of  Lime  may  be  purchased  at  the  oil- 
shops.  If  good,  it  is  a  dry  powder  which  has  a  strong  smell 
like  chlorine,  and  gives  ofE  much  chlorine  when  mixed  with 
dilute  sulphuric  acid.  To  make  the  solution  for  testing,  one 
ounce  of  the  chloride  is  rubbed  down  in  a  mortar  with  eight 
ounces  of  water,  and  filtered. 

32G.  Chlorine  Water  is  made  by  passing  chlorine  gas 
into  water.  The  gas  is  prepared  by  gently  warming  black 
oxide  of  manganese  with  strong  hydrochloric  acid. 

327.  Cyanide  of  Potassium,  or  Potassic  Cyanide,  is  sold 
by  druggists  in  white  lumps  (77).  These  should  be  coarsely 
powdered  in  a  mortar.  Only  small  quantities  should  be  kept 
in  powder  in  a  well-closed  bottle. 

Two  ounces  of  cyanide  of  potassium  will  suffice  for  some 
time. 
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328.  Ether  may  be  obtained  from  the  druggist,  and 
must  be  kept  in  a  stoppered  bottle  (221).  One  otince  will 
suffice.  Methylated  ether  is  less  expensive  than  pure  ether, 
and  should  be  employed  when  large  quantities  are  required. 

329-  Ferridctanide  of  Potassium,  or  Potassic  Ferrid- 
CYANiDE,  is  sold  by  the  operative  chemist  in  crystals,  and  is 
commonly  called  red  prussiate  of  potash  or  ferricyanide  of 
potassium  (77).  Half  an  ounce  of  the  salt  may  be  dissolved 
in  five  measured  ounces  of  distilled  or  rain  water. 

Ferridcyanide  of  Potassium  is  a  Test  for 
Iron  as  a  ferrous  compound  or  protosalt  .    .    Blue  precipitate  (45). 

330.  Ferrocyanide  of  Potassium,  or  Potassic  Ferro- 
CYANiDE,  is  often  obtainable  from  the  oil  and  colour-shops  as 
yellow  prussiate  of  potash,  in  crystals  (77).  For  testing,  half 
an  ounce  of  the  salt  may  be  dissolved  in  five  measured  ounces 
of  distilled  or  rain-water. 

Ferrocyanide  of  Potassium  is  a  test  for 

Iron  Blue  precipitate  (45) 

Copper  Brown-red  precipitate  (27). 

331.  Hydrochloric  Acid  may  be  obtained  from  the 
druggist  as  a  solution  of  hydrochloric  acid  gas  in  water  (105). 
Its  common  name  is  muriatic  acid.  It  should  be  colourless, 
and  strong  enough  to  emit  fumes  in  moderately  damp  air. 
Bight  ounces  of  this  acid  should  be  provided. 

Dilute  hydrochloric  acid  is  made  by  mixing  the  strong  acid 
with  twice  its  volume  of  distilled  or  rain-water. 

The  acid  must  give  no  precipitate  with  hydrosulphuric 
acid  (indicating  arsenic,  chlorine,  sulphuroiis  acid,  perchloride 
of  iron)  or  with  excess  of  ammonia  (5)  and  sulphide  of  am- 
monium (indicating  iron),  or  with  much  water  and  chloride 
of  barium  (indicating  sulphuric  acid). 

332.  Hydrofluo SILICIC  Acid,  or  Silicofluoric  Acid,  is 
sold  by  the  operative  chemist  in  a  diluted  state.  One  ounce 
will  suffice.  It  must  not  give  any  precipitate  with  solution  of 
nitrate  of  strontia  (indicating  sulphuric  acid)  even  on  stirring. 
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333-  Hyduosulphate  of  Ammonia,  or  Ammonio-iiydric 
Sulphide,  may  be  obtained  in  solution  from  the  operative 
chemist's  (75).  It  is  sometimes  called  suljMde  of  ammonmm, 
also  ammonic  sulphide  and  sulj)hyd7-ate  of  ammonium.  It  must 
not  give  any  precipitate  with  sulphate  of  magnesia  (indicating 
free  ammonia).  Eight  ounces  of  the  solution  should  be  pro- 
vided, and  must  be  kept  in  a  well-closed  bottle. 

Hydrosulphate  of  ammonia  is  easily  prepared  by  passing 
hydrosulphuric  acid  gas  into  solution  of  ammonia  until  it  no 
longer  gives  a  precipitate  with  sulphate  of  magnesia  (334). 

334.  Hydrosulphuric  Acid  is  prepared  by  passing  sul- 
phuretted hydrogen  gas  into  water  until  the  stopper  of  the 
bottle  is  forced  up  when  the  liquid  is  shaken. 

Fragments  of  sulphide  of  iron  (procurable  from  the  opera- 
tive chemist)  are  placed  in  a  half- pint  bottle  {b,  fig.  88), 


which  is  half  filled  with  water.  Strong  sulphuric  acid  is 
poured  down  the  funnel-tube  (/)  in  a  few  drops  at  a  time, 
until  the  bubbles  of  gas  pass  freely  through  the  wash-bottle 
{w)  which  contains  a  little  water.  The  gas  is  then  passed 
into  the  bottle  (c),  which  contains  the  distilled  water  to  be 
charged  with  gas.  Any  gas  which  is  not  absorbed  by  the 
water  passes  into  the  bottle  (cZ)  containing  solution  of  am- 
monia. This  retains  all  the  gas,  and  prevents  it  from  con- 
taminating the  air.  Wlien  this  ammonia  has  become  saturated 
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with  tbe  gas,  so  that  it  no  longei'  precipitates  sulphate  of 
magnesia,  it  may  be  used  as  hydrosiilphate  of  ammonia,  but 
it  will  be  long  before  this  point  is  reached. 

About  ten  minutes  are  required  to  saturate  the  water  in 
the  bottle  (c)  with  a  brisk  current  of  gas. 

The  parts  of  this  apparatus  are  connected  by  vulcanized 
India-rubber  tubing,  which  may 
be  obtained  from  the  operative  89- 
chemist. 

Fig.  89  shows  a  simpler  appa- 
ratus for  preparing  the  solution 
of  hydrosulphuric  acid,  but  since 
there  is  no  provision  for  absorbing 
the  excess  of  gas,  it  can  only  be 

used  in  a  fume-closet  with  a  good     Hydrosulphurio  acid  apparatus. 

draught. 

Hydrosulithuric  A  cid  is  a  test  for 

Cadmium  .    .    Bright  yellow  precipitate  in  ammoniacal  .solution 

Antimony     .    Eed  precipitate  in  acid  solutions  (39) 

Zinc    .    .    .    White  precipitate  in  ammoniacal  solution  (53). 

335.  Iodide  of  Potassium,  or  Potassic  Iodide,  is  sold  in 
crystals  by  the  druggist  (77).  It  is  sometimes  called  hydri- 
odate  of  potash.  Two  drachms  of  the  salt  may  be  dissolved 
in  five  measured  ounces  of  distilled  or  rain  water. 

Iodide  of  Potassium  is  a  test  for 

Lead  \   bright  yellow  precipitate,  dissolved 

 I       by  boiling  water  (14) 

Silver      ...  \   -^''^^  yellow  precipitate,  whitened  by 

(      ammonia  (12) 

Mercury  (as  a  mercuric  salt)  \   Scarlet  precipitate,  easily  dissolved 

(by  excess  (31). 

336.  Iodine  is  procurable  in  the  solid  form  from  the 
druggist  (93).  Five  grains  may  be  shaken  with  an  ounce  of 
water  to  prepare  iodine-water. 


Iodine-water  is  a  test  for 
Starch  Blue  colour. 
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337.  LiME-WATEB  is  sold  by  the  druggist.  It  should 
turn  reddened  litmus  distinctly  blue.  It  is  prepared  by 
shaking  freshly  slaked  lime  with  distilled  or  rain  water, 
allowing  the  solution  to  settle  in  a  well-closed  bottle,  and 
pouring  off  the  clear  liquid. 

338.  Litmus  Paper,  both  red  and  blue,  may  be  procured 
from  the  operative  chemist. 

The  colouring  matter  is  made  from  a  species  of  lichen,  the 
Roccella  tinctoria,  and  is  sold  in  blue  cakes  made  up  -with 
chalk  or  plaster  of  Paris. 

To  make  litmus  paper,  heat  half  an  ounce  of  cake  litmus 
with  three  measured  ounces  of  distilled  or  rain  water  for  half 
an  hour,  and  filter  the  solution.  To  one  half  of  it,  add  a 
little  extremely  dilute  sulphuric  acid,  on  the  end  of  a  glass 
rod,  until  it  acquires  a  faint  reddish  tinge  (by  daylight). 
Add  the  other  half  of  the  solution,  and  immerse  in  the  blue 
liquid,  strips  of  white  filter-paper,  or  better,  of  unsized  draw- 
ing-paper. Hang  them  on  a  string  to  dry,  out  of  the  reach 
of  acid  fumes.  Eedden  the  remaining  liquid  faintly  by  stir- 
ring with  the  rod  dipped  in  dilute  sulphuric  acid,  and  dye 
some  more  paper  with  the  solution,  to  obtain  red  litmus  paper. 

These  papers  fade  when  exposed  to  a  strong  hght. 

339-  MiCROCosMic  Salt  is  used  only  in  blowpipe  analysis, 
and  may  be  obtained  from  the  operative  chemist.  A  very 
small  quantity  is  used. 

340.  Moltbdate  of  Ammonia  is  sold  by  the  operative 
chemist  in  crystals.  It  is  an  expensive  salt.  Twenty  grains 
may  be  dissolved  in  an  ounce  of  distUled  water  for  testing. 

MohjMate  of  Ammonia  is  a  test  for 

T,,      ,    .      . ,  \   Bright  yellow  precipitate  in  a  nitric 

Phosphoric  acid    .    .    .    .j      solution,  on  warming  (HI). 

341.  Nitrate  of  Baryta,  or  Baric  Nitrate,  may  be  ob- 
tained in  crystals  from  the  operative  chemist  (65).  Half  an 
ounce  of  the  salt  may  be  dissolved  in  five  measured  ounces  of 
distilled  or  rain  water. 
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Nitrate  of  Baryta  is  a  test  for 

Sulphuric  acid    .    .     .    .  j  Milky  white  precipitate  insoluble  in 
^  I      dilute  nitnc  acid  (102). 

342.  Nitrate  of  Cobalt,  or  Cobaltous  Niteate,  is  sold, 
commonly  in  solution,  by  the  operative  chemist  (47).  It  is 
required  for  blowpipe  analysis  only.  A  very  small  quantity 
will  suffice. 

343.  Nitrate  of  Potash,  or  Potassic  Nitrate,  is  sold  at 
the  oil-shops  as  saltpetre  {11).  It  should  be  kept,  for  use 
in  analysis,  in  powder. 

344.  Nitrate  of  Silver,  or  Argentic  Nitrate,  may  be 
obtained  from  the  druggist  in  crystals,  in  fused  sticks  {lunar 
caustic)  or  in  solution  (12).  Two  drachms  of  the  crystals 
may  be  dissolved  in  five  measured  ounces  of  distilled  water. 

Nitrate  of  Silver  is  a  test  for 

(  White  precipitate  insoluble  in  boil- 
Hydrochloric  acid  or  chlorides  <  ing  nitric  acid;  soluble  in  ammo- 

.(  nla  (105). 

(  Yellow  precipitate  insoluble  in  nitric 

Hydriodic  acid  or  iodides  .    .  <  acid.    Whitened,    but  not  dis- 

(  solved  by  ammonia  (106). 

345.  Nitric  Acid  may  be  obtained  from  the  druggist  (109). 
Eight  ounces  should  be  provided,  and  must  be  kept  in  a 
stoppered  bottle.  It  should  be  nearly  colourless,  and  should 
fume  moderately  when  exposed  to  air.  After  dilution  with 
much  water,  it  should  not  give  any  precipitate  with  nitrate 
of  silver  (indicating  chlorine)  or  with  nitrate  of  baryta  (indi- 
cating sulphuric  acid).  Excess  of  ammonia  (5)  followed  by 
sulphide  of  ammonium  should  not  produce  any  change  in  it. 

Dilute  nitric  acid  may  be  made  by  mixing  the  strong  acid 
with  twice  its  volume  of  distilled  or  rain  water. 

346.  Nitroprusside  of  Sodium  may  be  procured  in  red 
crystals  from  the  operative  chemist.  It  is  an  expensive  salt, 
very  rarely  required.  A  solution  of  it  may  be  obtained  by 
boiling  ferrocyanide  of  potassium  with  diluted  nitric  acid  till 
it  ceases  to  give  a  blue  precipitate  with  sulphate  of  iron,  then 
adding  an  excess  of  carbonate  of  soda,  boiling,  and  filtering. 
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The  solution  should  give  a  fine  purple  blue  colour  with  sul- 
jihide  of  ammonium. 

347.  Oxalate  of  Ammonia,  or  Ammonic  Oxalate,  is  sold 
by  the  operative  chemist  in  crystals  (75).  Two  drachms  of 
the  salt  should  be  dissolved  in  six  measured  ounces  of  dis- 
tilled or  rain  water. 

348-  Perciiloride  of  Iron,  or  Ferric  Chloride,  is  also 
called  sesquicliloride  of  iron  and  muriate  of  iron.  It  is 
obtained  from  the  operative  chemist  in  the  state  of  solution 
in  water  (45). 

It  may  be  prepared  by  dissolving  iron  (wire,  nails,  or 
filings)  with  the  aid  of  heat,  in  a  mixture  of  dilute  hydro- 
chloric acid  with  one-fourth  of  dilute  nitric  acid,  evaporating 
at  a  moderate  heat  till  the  liquid  is  syrupy,  and  diluting  with 
water. 

Perchloride  of  Iron  is  a  Test  for 

Ferrocyanides  Dark-blue  precipitate  (77) 

„  1  ,  . ,  \   Blood-red  solution  bleached  by  per- 

Sulpbocyanides    .    .    .    .  |      ^i^i^,. ^^^.^^^.^ 

Tannic  acid  )  \   Inky-black  precipitate  or  colour 

Gallic  acid  \ (      (152,  153). 

349.  Perchloride  of  Mercury,  or  Mercuric  Chloride, 
is  sold  by  the  druggist  in  the  solid  form,  as  bichloride  of 
mercury  or  corrosive  sublimate  (31). 

Two  drachms  of  the  salt  may  be  dissolved  in  four  mea- 
sured ounces  of  water. 

Perchloride  of  Mercwry  is  a  test  for 

Tin  as  a  stannous  compound  )  -^^^^^  precipitate  (23) 

or  protosalt  ) 

Iodides  Scarlet  precipitate  (93). 

350.  Phosphate  of  Soda,  or  Hy-dro-disodic  Phosphate, 
may  be  obtained,  in  crystals,  from  the  druggist  (80).  Half 
an  ounce  of  the  salt  may  be  dissolved  in  ten  measured  ounces 
of  distilled  or  rain  water. 

351.  Potash,  or  Potassic  Hydrate,  is  sold  by  the  drug- 
gist both  in  solution  as  liquor  potasses,  and  in  the  solid  form 
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as  potassa  fusa  in  sticks  (77).  About  eight  ounces  of  the 
solution  should  be  provided.  One  ounce  of  the  solid  potash 
may  be  dissolved  in  eight  measured  ounces  of  distilled  or 
rain  water. 

The  solution  of  potash  should  not  effervesce  strongly  on 
adding  an  excess  of  hydrochloric  acid  (indicating  carbonic 
acid). 

The  acidified  solution  should  give  but  a  slight  flocculent 
precipitate  (alumina)  on  adding  ammonia  in  excess.  Hydro- 
sulphate  of  ammonia  added  to  this  solution  should  give  little, 
if  any,  dark  tinge  (indicating  iron,  lead,  or  copper). 

Potash  is  a  test  for 

Yellow  precipitate  (31) 

Blue  precipitate,  becoming  black 
when  boiled  with  excess  of  potash 
(27) 

Eed-brown  precipitate  (45) 

Dark-green  precipitate,  becoming 
brown  when  exposed  to  air  (45) 

White  precipitate,  becoming  brown 
when  shaken  with  air  (55) 

Pale  green  precipitate,  insoluble  in 
excess  (49) 

Elue  precipitate  (47) 

Green  precipitate,  soluble  in  excess 
to  a  green  solution  precipitated 
by  boiling  (61) 

Odour  of  ammonia  on  boiling  (75). 

Tin,  or  Stannous  Chlobide, 
should  be  prepared  by  boiling  two  drachms  of  tin  with  half  a 
measured  ounce  of  strong  hydrochloric  acid. 

The  solution  may  be  diluted  with  two  ounces  of  water, 
and  some  metallic  tin  should  be  kept  in  it,  to  prevent  it  from 
becoming  converted  into  bichloride  of  tin  by  the  combination  - 
of  a  portion  of  its  tin  with  atmospheric  oxygen. 

Tin  is  sold  by  the  operative  chemist  in  the  granulated 
state,  which  is  easily  dissolved  by  hydrochloric  acid. 


Mercury,  as  a  mercuric  salt 

Copper  

Iron,  as  a  ferric  compound, 
or  persalt  

Iron,  as  a  ferrous  compound,  ^ 
or  protosalt  j 

Manganese  

Nickel  

Cobalt  

Chromium  

Ammonia  

352.  Peotochloride  of 
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Tin-foil  often  contains  lead.  If  this  metal  be  present  in 
the  solution  of  protochloride  of  tin,  it  will  give  a  precipitate 
with  dilute  siilphuric  acid. 

Protochloride  of  Tin  is  a  test  for 

Gold  Purple-brown  precipitate 

Platinum  Bright  red  solution 

Mercury  Grey  precipitate  (31). 

353.  Starch. — A  drachm  of  white  starch  is  rubbed  down 
in  a  mortar  with  a  measured  ounce  of  cold  water.  The  mix- 
ture is  poured  by  degrees  into  five  ounces  of  boiling  water  in 
a  dish. 

Starch  is  a  test  for 
Free  iodine  Blue  colour  (93). 

354-  Sulphate  of  Copper,  or  Cupric  Sulphate,  is  sold 
at  the  oil-shops  as  blue  copperas  or  blue  vitriol,  in  crystals 
(27).  Ilalf-an-ounce  of  the  salt  may  be  dissolved  in  five 
ounces  of  water. 

355-  Sulphate  of  Ikon,  or  Ferrous  Sulphate,  also 
called  protosulphate  of  iron,  is  sold  at  the  oil-shops  in  crystals 
under  the  name  of  copperas  or  green  vitriol  (45).  One  ounce 
of  the  salt  may  be  dissolved  in  four  measured  ounces  of  cold 
distiUed  or  rain  water. 

356-  Sulphate  of  Lime,  or  Calcic  Sulphate,  is  sold 
at  the  oil-shops  as  plaster  of  Paris  (69).  About  a  drachm  of 
the  powder  may  be  heated  with  half  a  pint  of  water  for  some 
minutes,  with  occasional  stirring,  allowed  to  stand  till  cold, 
and  filtered  off. 

357.  Sulphate  of  Magnesia,  or  Magnesic  Sulphate,  is 
obtained  from  the  druggist  as  Epsom  salts  (9).  One  ounce 
of  the  salt  may  be  dissolved  in  five  or  six  measured  ounces  of 
water. 

358.  Sulphate  of  Manganese,  or  Manganous  Sulphate, 
,  maybe  obtained  in  crystals  from  the  operative  chemist  (55). 

One  drachm  of  the  salt  may  be  dissolved  in  two  ounces  of 
water. 

Sulphate  of  Manganese  is  a  test  for 
Hypoclilorites  Dark-brown  precipitate  (91). 
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Sulphide  of  Ammonium  ;  see  Hydkosulphate  of  Ammonia. 
359.  Sulphuric  Acid  is  sold  at  the  oil-shops  as  oil  of 
vitriol,  which  is  often  of  a  dark  brown  colour,  and  unfit  for 
use  in  analysis.  By  carefully  boiling  it  in  a  flask,  it  may  be 
rendered  nearly  coloui-less,  the  organic  matter  to  which  the 
brown  colour  is  due  being  oxidized  by  one  portion  of  the 
acid.  The  flask  must  be  allowed  to  cool  before  attempting 
to  pour  out  the  acid. 

It  is  advisable,  if  possible,  to  obtain  the  nearly  colourless 
oil  of  vitriol  from  the  druggist.  It  must  be  kept  in  a  stoppered 
bottle. 

Dilute  Sulphuric  Acid  is  made  by  pouring  one  measured 
ounce  of  oil  of  vitriol,  slowly,  with  continual  stirring,  into 
four  measured  ounces  of  water  in  an  evaporating  basin, 
beaker,  or  flask  {not  in  a  measure  or  bottle).  The  mixture  is 
allowed  to  cool,  and  the  clear  diluted  acid  poured  off  from 
the  sulphate  of  lead  which  is  usually  deposited  from  the 
common  acid. 

Strong  sulphuric  acid  is  a  test  for 

Chlorates  S  ^^ed  colour,  and  evolution  of  yellow 

(.      explosive  gas  (90) 

^o^^f^^s   Violet  vapours  on  heating  (93). 

■360.  Tartaric  Acid  is  sold  in  crystals  by  the  druggist 
(158).  One  ounce  may  be  dissolved  in  four  measured  ounces 
of  water. 

361.  Turmeric  Paper  may  be  obtained  from  the  opera- 
tive chemist.    Its  yellow  colour  soon  fades  in  a  strong  Hght. 

To  prepare  turmeric  paper,  gently  heat  one  drachm  of 
powdered  turmeric  (the  root  of  Curcuma  longa)  in  six 
measured  drachms  of  methylated  spirit,  till  the  solution  has  a 
bright  yellow  colour.  Filter  it,  and  dip  white  filter-jDaper  or 
unsized  drawing-paper  into  it.  Hang  the  paper  on  a  strino- 
to  dry.  ^ 

362.  Water.— If  it  can  be  procured,  distilled  water 
only  should  be  employed  in  analytical  operations.    It  should 
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be  tested  in  the  following  manner,  eacli  test  being  performed 
upon  a  separate  portion. 

1.  Evaporate  a  few  drops  upon  a  slip  of  glass  ;  scarcely  a 

trace  of  solid  matter  should  remain. 

2.  Add  Nitrate  of  Silver  ;  no  turbidity  (indicating  chlorides 

or  hydrochloric  acid)  should  be  produced. 

3.  Add  Chloride  of  Barium  ;  there  should  be  no  turbidity 

(indicating  sulphates). 

4.  Add  Oxalate  of  Ammonia  ;  there  should  be  no  turbidity 

(indicating  lime). 

5.  Add  Hydrosulphuric  Acid ;  there  should  be  no  dark 

tinge  (indicating  lead  or  copper). 

Eain-water,  after  being  filtered,  may  often  be  substituted 
for  distilled  water. 

Shotild  neither  distilled  nor  rain  water  be  procurable,  the 
analyst  should  test  the  common  water  as  directed  above,  and 
make  a  careful  note  of  the  results,  to  be  subsequently  em- 
ployed in  correcting  his  analysis. 

Common  water  may  often  be  in  great  measure  deprived 
of  the  lime  and  magnesia  which  it  contains,  by  boiling  it 
gently  in  a  kettle  for  half  an  hour,  allowing  it  to  cool,  and 
filtering  from  the  deposited  carbonates  of  hme  and  magnesia. 

Any  of  the  arrangements  represented  at  pp.  140-143  may 
be  employed  for  distilling  water. 

363-  Zinc  can  be  procured  at  the  ironmonger's.  Thin 
sheet  zinc  cut  up  into  strips  will  be  found  very  convenient. 

The  operative  chemist  furnishes  granulated  zinc,  made  by 
melting  the  metal  in  an  iron  ladle  or  earthen  crucible,  and 
pouring  it,  in  a  thin  stream,  into  a  pail  of  water,  from  a 
height  of  eight  or  ten  feet. 
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Apparatus  required  for  the  Qualitative  Analysis 
OF  Single  Substances. 

364-  Tlie  following  list  includes  the  principal  articles 
whicli  are  necessary  for  the  identification  of  single  sub- 
stances. 

They  may  be  provided  for  ten  or  twelve  shillings. 


12  test  tubes 

Rack  with  draining  pegs 

Tube-cleaner 

Spirit  lamp  or  gas-burner 

3  funnels  :  2  oz.,  1  oz.,  ^  oz. 

Filter-paper 

Slips  of  window-glass 

Glass  rod 


Narrow  hard  glass  tubing 
Blowpipe 
Triangular  file 
Platinum  wire  and  foil 
4-oz.  evaporatiug-dish 
Half-pint  Wedgwood  mortar 
"Wire  triangle 

Wire  tripod  or  retort-stand. 
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ACETATE  of  ammonia  prepared,  44 
„         cox^per,  20 
,,         lead,  13 

„     for  testing,  195 
Acetates,  action  of  heat  on,  190 

,,       common,  108 
Acetic  acid,  108 

,,    confirmed,  108 
„    detected,  105 
,,      ,,    for  testing,  195 
,,      „    identified,  108 
,,     ether,  108,  134 
Acetone,  107 

,,       identified,  135 
Acid  reaction,  18 

,,    vapours,  189 
Acids  detected,  70 
Acroleine,  128 
Agate  mortar,  94 
Albumen,  131 

,,      soluble,  identified,  126 
Alcohol,  extracted,  139 
,,       for  testing,  195 
„       identified,  134 
„      separated  from  water,  139 
Aldehyde  identified,  135 
Alkali  waste,  77 
Alkaline  reaction,  18 
Alkaloids,  general  tests  for,  150 

„       identified,  117 
Alum,  40 
„     chrome,  47 
,,     concentrated  40 
Alumina,  acetate,  40 
,,       hydrate,  39 
,,       phosphate,  85 
silicate,  40,  101 


Alumina,  sulphate,  40 
Aluminate  of  soda,  41 
Aluminum  and  sodium,  fluoride,  75 

,,       blowpipe  test,  159,  166 

,,       common  compounds  of,  40 

,,       confirmed,  39 

,,       detected,  33 

,,       identified,  39 
Ammonia,  acetate,  109 

,,  ,,       prepared,  44 

,,       alum,  40 

,,       carbonate,  59 

,,       common  compounds  of,  58 

,,       detection,  56 

,,       for  testing,  195 

„       hydrochlorate,  58 

„       hydrosulphate,  59 

,,       identification,  58 

„       in  excess,  6 

„       molybdate,  202 

,,       muriate,  58 

,,       nitrate,  59 

,,       oxalate,  59 

,,       sesquicarbonate,  59 

,,       solution,  58 

,,       sulphate,  59 

,,       test  for,  205 

,,       urate,  116 
Ammonic  carbonate,  59 

,,       chloride,  58,  198 

„       oxalate,  59,  204 

„       sesquicarbonate,  59, 197 

„       sulphide,  59,  200 
Ammouio-hydric  sulphide,  200 
Ammonium,  58 

„  blowpipe  test,  159,  169 
„       chloride,  59 
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Ammonium,  common  compounds  of,  58 

,,       sulphide,  59 
Amorphous  phosphorus,  84 
Analysis  by  blowpipe,  159 

„         liquid  tests,  2 
Anglesite,  14 
Aniline  identified,  136 

„     oxalate,  136 

,,     purple,  136 

,,     red,  136 
Animal  charcoal,  97 
Antimoniate  of  potash,  32,  196 
Antimonic  acid,  100 
Antimony  and  arsenic  distinguished, 
26 

,,       blowpipe  teat,  170 

,,       chloride,  32 

,,       common  compounds  of,  31 

,,       confirmed,  30 

crude,  31 
,,       detected,  15 
,,       flowers  of,  31 
„       grey  ore  of,  31 
,,       identified,  30 
,,       in  insoluble  substances, 

.  100 
,,       oxide,  31 

,,       potassio- tartrate,  31,  113 
,,       sulphide,  31 
,,       sulphuret,  31 

,,        blowpipe  test, 
171 

„       terchloride,  32 

,,       teroxide,  31 

,.       tersulphide,  31 

„       test  for,  201 

„       vermilion,  31 
Apparatus,  209 
Aqua-fortis,  82 
Argand  burner,  72 
Argentic  nitrate,  203 
Argol,  63 

Arseniate  of  soda,  28 
Arsenic  acid,  28 

„     and  antimony  distinguished, 
26 

,,     bisulphide,  28 

,,     blowpipe  test,  159,  167 

„     common  compounds  of,  27 

,,     confirmed,  24 

„     detected,  15 

„     expelled  by  roasting,  172 


Arsenic  identified,  27 
,,     in  ores,  171 
,,     iodide,  28 
,,     sulphide,  28 
,,     tersulphide,  28 
,,     white,  28 
Arsenietted  hydrogen,  26 
Arsenious  acid,  28 

,,       ,,     crystals,  24 
,,       ,,     detected,  28 
,,       ,,     identified,  28 
,,       ,,     reduced,  169 
Arsenite  of  copper,  20,  28 
Astringent  substances,  156 
Aui-um  musivum,  29 


BANDAGE,  caoutchouc,  140 
Baric  chloride,  198 
,,    nitrate,  202 
Barium,  49 

,,     blowpipe  test,  181 
„      carbonate,  49 
,,     chlorate,  50 
,,     chloride,  49 
,,     chromate,  50 
, ,     common  compounds  of,  49 
,,      confirmed,  49 
,,     detected,  48 
,,     nitrate,  49 
,,     sulphate,  49,  99 
Baryta,  50 

,,     blowpipe  test,  181 
,,     carbonate,  49 
,,     chlorate,  50 

chromate,  50 
,,      confirmed,  49 
,,      detected,  48 
,,      hydrate,  50 
,,     nitrate,  49 
,,     oxalate,  87 
,,     sulphate,  49,  99 
,,  ,,       blowpipe  test,  181 

Barytes,  99 

,,      muriate,  49 
Bases,  organic,  identified,  117 
Bending  tubes,  144 
Benzoic  acid  detected,  105 

„       „    identified,  110 
Benzine,  138 

Benzole,  138  * 
Benzonitrile,  111 


t 


INDEX. 


^13 


Biborate  of  soda,  68,  197 
Bicai'bonate  of  soda,  66 

,,  for  testing,  196 

Bichloride  of  mercury  for  testing,  196 
,,         platinum  for  testing,  196 
Bichromate  of  potash,  47 

,,  ,,       for  testing,  196 

Bismuth,  blowpipe  test,  171 
,,       citrate,  114 
„       common  compounds  of,  22 
,,       confirmed,  21 

detected,  15 
,,       identified,  22 
,,       nitrate,  22 
„       oxide,  22 
,,       oxychloride,  22 

tested  for  silver,  174 
,,        trisnitrate,  22 
Bisulphate  of  potash  for  testing,  197 
„  ,,     in  blowpipe  ana- 

lysis, 185 
,,  ,,    test,  185 

Bisulphide  of  carbon  identified,  139 
Bitter  almond  oil,  138 

,,    almonds,  odour  of,  107 
Black  borax  bead,  178 
„    jack,  42 
,,    lead,  97 
,,    oxide  of  copper,  21 
,,    oxide  of  manganese,  43 
,,    sulphide  of  antimony,  31 
Bleaching  powder,  54 
Blende,  42 

Blowpipe  analysis,  159 

,,  ,,    borax  bead  test,163 

,,    cobalt  test,  165 
,,    coloured  Uame  test, 
164 

,,  ,,    detection  of  acids, 

184 

for  non-metals,  184 
„    reduction  on  char- 
coal, 160 
,,       detection  of  ammonium, 
arsenic,  mercmy,  165 
„       gas,  145 

,,       reduction  of  metals  by,  160 

„       spirit,  145 

,,       test  in  small  tubes,  189 
Blue  carbonate  of  copper,  20 
,,    crystals,  20 
,,   flame,  60,  181 


Blue  fused  mass,  98 

,,   iodized  starch,  127 

,,  litmus  paper,  202 

„   mass  with  nitrate  of  cobalt,  166 

,,  Prussian,  37,  86,  155 

,,  solutiou,  19,  38 

,,  stone,  20 

„    Turnbull's,  155 

,,    vitriol,  20 
Boiling,  4 
Bone  ash,  44 

,,     ,,    for  cupellation,  197 
Bone-black,  97 

Boracic  acid,  blowpipe  test,  162,  192 
,,        confirmed,  88 
,,        crystals,  88 
,,        detected,  71,  162 
,,        for  testing,  197 
,,        identified,  88 
,,        Tuscan,  89 
Borate  of  lime,  89 
Borates,  blowpipe  test,  192 
,,     detected,  71 
,,      on  charcoal,  162 
Borax,  68, 183 

,,    bead  test,  163 
,,    beads,  177 
,,    blowpipe  test,  194 
„    for  testing,  197 
Boron,  fluoride,  194 
Borouatrocalcite,  89 
Brass,  172 
Brick,  102 
Brimstone,  96 
British  gum,  127 
Bromides,  blowpipe  test,  185 
Bromine  detected,  74,  81,  188 
Bronze-powder,  29 
Brown  acid  vapours,  189 
,,     chromate  of  lead,  13 
,,     hasniatite,  36 
,,     oxide  of  lead,  13 
,,     residue  with  nitric  acid,  13 
Brucine  detected,  117 
,,     identified,  118 
Brunswick  green,  20 
Bullets,  shrapnel,  173 
Bunsen's  burner,  54,  73 
Burnett's  disinfecting  fluid,  42 
Burnt  sugar  odour,  107 
Butyric  acid  identified,  135 
ether,  136 
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•  rtADMIUM,  test  for,  201 
\J  Caffeine  detected,  "118 
Oafl'eine  identified,  118 
Calamine,  42 

,,      electric,  102 
Calcic  chloride,  53 
„    sulphate,  53 
Calcined  magnesia,  8 
Calcium,  51 

,,       blowpipe  test,  181 
,,       carbonate,  52 
,,       chloride,  53 
,,       common  compounds  of,  52 
,,       detected,  48 
,,       fluoride,  45 
,,  blowpipe  test,  182, 

187 

,,       oxalate,  54 
,,       phosphate,  44 
,,  ,,  blowi)ipetest,182 

,,       sulphate,  53 
,,  „      blowjiipe  test,  182 

,,      sulphide,  77 
Calomel,  11 

Cane-sugar  identified,  124 
Caoutchouc  bandage,  140 
Caramel  identified,  122 
Carbazotic  acid  identified,  121 
Carbolic  acid,  136 

identified,  122 

Carbon,  97 

,,     identified,  91 
Carbonate  of  ammonia,  59 

,,  ,,       for  testing,  197 

,,       precipitate,  48 
,,  copper,  20 

lead,  13 
,,  lime,  52 

,,         magnesia,  8 
,,         soda,  66 
„  „     bead,  177 

,,  ,,     for  testing,  197 

Carbonates,  blowpipe  test,  185 

common,  76 
Carbonic  acid  detected,  70 
,,       ,,    identified,  76 
,,      oxide  identified,  87 
Carbonization  by  heat,  74,  189 
Carmine  flame,  181 
Caseine,  131 
Cast-iron  identified,  35 
Caustic,  11 


Caustic  potash,  62 
Caustic  soda,  67 
Cawk,  99 
Celestine,  50,  99 
Ceroleine,  131 
Cerotic  acid,  131 
Cetine,  130 
Chalcedony,  101 
Chalk,  52 
Char,  97 

Charcoal,  animal,  97 

,,      blowpipe,  160 

,,      wood,  97 
Chili  saltpetre,  67 
Chlorate  of  baryta,  50 

,,       potash,  61 

,,  ,,     blowpipe  test,  185, 

191 

Chlorates,  common,  75 

,,      on  charcoal,  191 

,,      test  for,  207 
Chloric  acid,  75 

„    detected,  70 
,,     peroxide,  75 
Chloride,  mercurous,  11 

,,    of  ammonium,  58 

,,  ,,      for  testing,  198 

,,  ,,      use  in  analysis,  8 

,,       barium  for  testing,  198 

,,       calcium  for  testing,  198 

,,       lead,  14 
lime,  54 
„    for  testing,  198 

,,       mercury,  11,  23 

,,       silver,  11 

,,       tin,  19 
Chlorides  detected,  70 

,,  „      by  blowpipe,  185 

impurities,  80 

,,  test  for,  203 
Chlorine  confirmed,  80 

,,    detected,  70 

,,    evolved,  13,  43 

,,    preparation,  198 

,,    water,  for  testing,  198 
Chloroform  identified,  137 

„        tested,  137 
Chloropicrine,  121 
Cholesterine  identified,  129 
Chromate  of  lead,  13 

potash,  46 
Chromates  detected,  71 
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Chrome  alum,  47 
,,     iroa  ore,  46 
,,     orange,  13 
„     yellow,  13 
Chromic  acid,  90 

„        ,,    detected,  71 
,,        ,,    identified,  90 
,,        ,,    test  for,  195 
Chromium,  46 

,,        blowpipe  test  for,  177 
,,        common  compounds  of,  46 
,,        confirmed,  45 
,,  ,,        by  blowpipe, 

177 

,,        detected,  33 
,,        insoluble  compounds,  103 
,,        oxide,  46 
„        test  for,  205 
Cinchonine  detected,  117 

,,  in  quinine,  120 

,,        identified,  120 
,,       sulphate,  120 
Cinnabar,  23 
Citrates,  common,  114 
Citric  acid  detected,  105 
,,       identified,  113 
Classification  of  metals,  3 
Clay,  40,  101 
Cleavage,  14 
Coal  ider.tified,  98 
Coal-tar  odour,  122 
Cobalt,  38 

,,    blowpipe-test,  177 
,,    confirmed,  38 

detected,  33 
,,    glance,  38 

metallic,  178 
,,    nitrate,  38 
,,    ores,  178 
,,    oxide,  38 
,,    test  for,  205 

test  in  blowpipe  analysis,  165 
Cobaltous  nitrate,  203 
Coke  identified,  98 
Colcothar,  36 
Coloured  beads,  177 
flames,  181 
,,      flame  test,  54,  181 
Common  salt,  67 
Concentrated  sulphuric  acid,  207 
Condenser,  140 
Condy's  disinfectant,  44 


Copper,  19 

,,     acetate,  20 

,,     alloys,  172 

,,     arsenite,  20,  28 

,,     blowpipe  test,  171,  177,  181 

,,     carbonate,  20 

,,      common  compounds  of,  20 

,,      confirmed,  19 

,,     detected,  15 

,,      detected  in  lead,  174 

,,      detection  by  blowpipe,  171 

,,      ferrocyanide,  87 

,,      glance,  21 

,,      identified,  19 

„      ore,  grey,  172 

,,     oxide,  21 

,,      oxychloride,  20 

,,     pyrites,  172 

,,      suboxide,  21 

,,     sulphate,  20 

,,     sulphide,  21 

,,     test  for,  196,  199 

,,     test  for  nitric  acid,  82 
Copperas,  36 
Cork  borers,  143 
Corks  fitted,  144 

,,    perforated,  143 
Corrosive  sublimate,  23 
Coughing  indicates  succinic  acid,  107 
Cream  of  tartar,  63 
Crimson  flame,  51 
Crocus,  36 
Crucible  tongs,  92 
Crushing-mortar,  95 
Cryolite,  40 

Crystals  formed  on  cooling,  13 

Cupellation,  174 

Cupric  oxide,  21 
,,    sulphate,  206 

Cuprous  oxide,  21 
,,     sulphide,  21 

Cyanide  of  mercury,  24 

,,  ,,       analysis,  78 

,,  potassium, commercial,  64 
,,  ,,       for  testing,  198 

,,  ,,       in  blowpipe 

analysis,  175 

Cyanides,  common,  78 
,,       detected,  70 

Cyanogen,  191 

„       detected,  70 

Cyanuric  acid,  125 
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DECANTATION,  16 
Decrepitation,  14,  24,  45 
Deflagration,  61,  182 
Deliquescence,  42,  54,  61 
Dextrine  identified,  127 
Diamond,  97 

,,      mortar,  95 
Dilute  hydrochloric  acid  for  test- 
ing, 199 
,,    nitric  acid  for  testing,  203 
,,     sulphuric  acid  for  testbg,  207 
Dinas  fire  brick,  102 
Dish,  evaporating,  72 
Disinfectant,  Burnett's,  42 

,,        Gondy's,  44 
Dissolving,  4 
Distillate,  141 
Distillation,  140 
Distilled  water,  207 
Dolomite,  53 
Dropping-tube,  165 


EAETHENWAEE,  102 
Effervescence,  70 
Efflorescence,  66 
Electric  calamine,  102 
Emery,  40 
Emulsion,  128 
Epsom  salts,  9 
Essence  of  mirbane,  138 
Ether,  caution  in  using,  130 
,,     for  testing,  199 
,,     identified,  137 
Evaporating  dish,  72 
Evaporation,  72 

on  glass,  5 
,,        on  water-bath,  146 
Excess,  meaning  of,  6 
Explosion  with  sulphuric  acid,  75 


FEERIC  acetate,  109 
chloride,  37,  204 
,,      citrate,  114 
,,     oxide,  36 

salts  detected,  34 
Ferridcyanide  of  potassium,  63 

,,  for  test- 

ing, 199 
Ferridcyanides  detected,  71 


Ferrocyanide  of  calcium  and  potas- 
sium, 87 
of  potassium,  63 
Ferrocyanides  detected,  70 
„  test  for,  204 

Ferrocyanogen,  86 
Ferrous  carbonate,  37 

„     iodide,  38 

„     oxide,  35 

,,      salts  detected,  34 

,,     sulphate,  36,  206 

,,      sulphide,  37 
Fibrous  gypsum,  53 
File,  rat's-tail,  143 
Filters,  5 
Filtration,  5 
Fire-brick,  102 
Fire  clay,  101 
Flake  white,  22 

Flame,  coloured,  test  by,  54,  181 
Flask  for  distillation,  142 
Flint,  101 
Fluorescence,  119 
Fluoric  acid,  76 
Fluoride  of  calcium,  45 
Fluorides  blowpipe  test,  187 

,,      detected,  70 
Fluorine,  75 

,,       confirmed,  74 

„       detected,  70 
Fluor-spar,  45 

„  blowpipe  test,  182 

Focus  of  blowpipe  flame,  171 
Formic  acid  detected,  105 

,,     „    identified,  109 
French  chalk,  102 
Frosted  silver,  175 
Fructose,  125 
Fruit-sugar,  125 
Fuller's  earth,  102 
Fulminate  of  mercury,  78 
Fumaric  acid,  115 
Fumes,  cause  of,  74 
Fuming  sulphuric  acid,  79 
Funnel-tube,  142 
Fusion  of  insoluble  substances,  95 


ALENA,  14, 173 

Gallic  acid  detected,  105 
,,     ,,   identified,  110 
„    test  for,  204 
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Garlic  odour  of  arsenic,  27 
G-as-blovvpipe,  145 
Gas-burners,  72 
Gas-carbon  identified,  98 
Gauze-burner,  73 
Gelatine  ideutified,  128 
German  tubing,  16 
Glacial  phosphoric  acid,  83 
Glance  cobalt,  38 
Glass  jet,  25 
,,     of  borax,  69 

,,     of  metaphosphate  of  soda,  84 

,,     rod,  7 

,,    soluble,  69 

,,     tubes  bent,  144 

,,     with  carbonate  of  soda,  192 
Glauber's  salt,  67 
Glucose  identified,  124 
Glycerine  identified,  146 
Gold,  Mosaic,  29 

„    test  for;  206 
Goulard's  extract,  108 
Granulated  zinc,  208 
Grape-sugar  identified,  124 
Graphite,  97 
Green,  Brunswick,  20 

,,     carbonate  of  copper,  20 

,,     flame,  88,  181 

,,    fused  mass,  98 

,,     nitric  acid,  82 

oxide  of  chromium,  46 

„     Scheele's,  20,  28 

,,    solution,  19,  44,  38,  39 
.  „    vitriol,  36 
Grey  antimony  ore,  31 

„  copper  ore,  172 
Grough  saltpetre,  61 
Gum  identified,  127 

„  British,  127 
Gun-metal,  173 
Gypsum,  53 

blowpipe  test,  182 


HEMATITE,  36 
Hartshorn,  58 
Heating  solids  in  air,  92 

,,        ,,     in  bent  tube,  93 
,,        ,,     in  tubes,  16 
,,        „     on  platinum  foil,  92 
Heavy  spar,  49,  99 

„      „    blowpipe  test,  181 


Hippuric  acid  detected,  105 
,,        ,,   identified.  111 
Hydriodate  of  potash,  64  ' 
Hydriodic  acid  detected,  71 
,,        ,,   test  for,  203 
Hydrobromic  acid  detected,  74 
Hydrochloric  acid,  81 

,,  „    detected,  70 

,,  „    for  testing,  199 

,,  ,,    identified,  81 

,,  „    precipitate,  10 

„    test  for,  203 
Hydrocyanic  acid  confirmed,  77 
,,  ,,  detected,  70 

,,  identified,  78 

Hydrodisodic  phosphate,  204 
Hydroferridcyanic  acid,  63 
Hydroferrocyanic  acid  identified,  86 
Hydrofluoric  acid  detected,  70 

identified,  75 
Hydrofluosilicic  acid  for  testing,  199 
Hydrogen  prepared,  25 

,,      tested,  25 
Hydropotassic  metantimoniate,  196 

,,'        sulphate,  197 
Hydrosodic  carbonate,  66 

,,  ,,        for  testing,  196 

Hydrosulphate  of  ammonia,  59,  200 
,,  ,,        precipitate,  33 

,,  yellow,  18,  59 

Hydrosulphocyanic  acid,  105 
Hydrosulphuric  acid  apparatus,  201 
confirmed,  77 
,,  detected,  70 
,,  for  testing,  200 
identified,  77 
„  )>  in  excess,  6 

precipitate,  15 
,,  prepared,  200 
,,  ,,  test  for,  195 

Hypochlorite  of  lime,  54 
Hypochlorites,  test  for,  206 
Hypochlorous  acid  confirmed,  75 

,,         „   detected,  70 
Hyposulphite  of  soda,  68 
Hyposulphites  detected,  70 


TCELAND  SPAR,  53 
J.    Impalpable  powder,  95 
Incandescence,  176 
Incense,  odour  of,  107 
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Incrustation  on  charcoal,  161 
Indigo,  action  of  heat  on,  190 
„     identified,  121 
,,     reduced,  121 
Ink  Identified,  110 
Insoluble  substances  analysed,  91 
Iodide  of  arsenic,  28 
,,       lead,  14 
,,       mercury,  24 
,,       potassium  for  testing,  201 
Iodides,  blowpipe  test,  185 
,,      common,  76 
,,      detected,  70 
„     test  for,  203 
Iodine  confirmed,  76 
,,     detected,  70 
,,     for  testing,  201 

free,  test  for,  206 
,,     identified,  76 
,,  ,,       by  blowpipe,  189 

,,     vapour,  190 
,,    water,  201 
Iron  acetate,  109 
,,    ammonio-citrate,  114 
,,    and  quinine  citrate,  114 

as  an  impurity,  179 
,,    bisulphide,  37 
,,    black  oxide,  36 

blowpipe  test,  177 
,,    carbonate,  37 
,,    cast,  identified,  35 
,,    citrate,  114 
,,    common  compounds  of,  35 
,,    confirmed,  34 
,,    detected,  33 
,,        „       by  blowpipe,  177 
,,    ferrocyanide,  37,  86 

identified,  34 
,,    iodide,  38 
,,    magnetic  oxide,  36 
,,    muriate,  37 
,,    perchloride,  37 
,,    peroxide,  36 
,,    phosphate,  85 

protosulphate,  36 
,,    pyrites,  37  _ 
,,    sesquichloride,  37 
,,    sesquioxide,  36 
,,    silicate,  38,  102 
„    slag,  38,  101 
spathic  ore  of,  37 
specular,  36 


Iron,  sulphate,  36 
,,        „       action  of  heat  on,  179 
,,    sulphide,  37 
,,    sulphuret,  37 
,,    tannate,  110 
„    test  for,  34,  196,  199,  205 
,,    tinned,  176 

,,    wire  for  blowpipe  analysis,  194 
,,    wrought,  identified,  34 
Ivory  black,  97 


JET  for  burning  gases,  25 
Joints  for  apparatus,  140 


KAOLIN,  101 
Kryolite,  40 

„        identified,  75 


LACTIC  acid  identified,  146 
Lactide,  146 
Lactine  identified,  125 
Lamp-black  identified,  98 
Lamps,  72 
Lead,  12,  173 
,,    acetate,  13 
„       ,,       for  testing,  195 
„    alloys,  173 
,,    binoxide,  13 
„    blowpipe  test,  170 
,,    carbonate,  13 
,,    chloride,  14 
„    chromate,  13 
,,    common  compounds  of,  12 
„    confirmed,  10 
„    detected,  15,  10 
,,    extracted  from  galena,  173 
,,    identified,  12 
,,    iodide,  14 
,,    nitrate,  14 
„    ore,  173 
,,    oxide,  12 
,,    oxychloride,  14 
,,    peroxide,  13 
,,    phosphate,  86 
„    precipitated  by  sulphuric  acid, 
19 

„    red  oxide,  13 
„    sugar  of,  13 
„    sulphate,  14 
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Lead,  sulpliide, 
„        „       in  blowpipe  analysis, 
173 

,,   tartrate,  112 
„    test  for,  201 
„    tested  for  copper,  174 
tested  for  silver,  174 
tribasic  acetate,  108 
white,  13 
Lemons,  essential  salt  of,  64 
Levigation  in  blowpipe  analysis,  162 
Liebig's  condenser,  140 
Lime,  52 

,,    blowpipe  test,  181 
,,    borate,  89 
,,    carbonate,  52 
,,    chloride,  54 
,,    citrate,  114 
,,    detected,  48 
,,    hydrate,  52 
hypochlorite,  54 
oxalate,  45,  54 
,,    phosphate,  44 
„        „        blowpipe  test,  192 

,,        detected,  33 
,,    slaked,  52 
,,    sulphate,  53 

„        „       blowpipe  test,  182 
,,    supei-phosphate,  45 
,,    tartrate.  111 
„    water,  52,  202 
Limestone,  52 

Liquids,  unknown,  examined,  152 
■  Liquor  aminoniw,  58 
Liquor  potassce,  62 
Litharge,  13 
Lithates,  116 
Lithic  acid  identified,  115 
Lunar  caustic,  11 


MAGENTA,  136 
Magnesia,  8 
Magnesia,  ammonio-phosphate,  45 
„       basic  carbonate,  8 
calcined,  8 
carbonate,  8 
citrate,  115 
J,  ,,      granulated,  115 

common  compounds  of,  8 
„       detected,  2 


Magnesia,  phosphate,  45 

„       precipitated  by  ammonia,  8 

,,       silicate,  102 
sulphate,  9 
Magnesian  limestone,  53 
Magnesic  sulphate,  9,  206 
Magnesite,  8 

Magnesium  blowpipe  test,  159 

,,         common  compounds  of,  8 

„        detected,  2 

,,        identified,  8 
Malachite,  20 
Malseic  acid,  115 
Malic  acid  detected,  105 

,,       identified,  115 
Malleability  tested,  161 
Manganate  of  potash,  44 
Manganese,  43 

„        binoxide,  43 
black,  43 

,,        blowpipe  test,  177 

„         common  compounds  of,  43 
confirmed,  42 

„  „      by  blowpipe,  177 

detected,  33 

„        ore,  43 

„         oxide,  43 

sulphate,  43 

„        test  for,  205 
Manganous  sulphate,  43,  206 
Marble,  52 

Marsh's  test  for  arsenic,  25 
Massicot,  12 

M.B.  examination,  organic  substances 

for,  153 
Meconic  acid  detected,  105 

„        identified,  109 
Meerschaum,  102 
Mercuric  chloride,  23,  204 
„       compounds,  23 
,,       cyanide,  24 
„       iodide,  24 
oxide,  23 
„       sulphide,  23 
Mercurous  chloride,  11 
„       compounds,  11 
„       nitrate,  12 
Mercury,  11 

acetate,  108 
bichloride,  23 
,,       blowpipe  test,  159 
,,       chloride,  23 
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Mercury,  common  compounds  of,  1], 
23 

,,       confirmed,  22 
,,       cyanide,  24 

detected,  10,  15 
,,       fulminate,  78 
,,       iodide,  24 
,,       nitric  oxide,  23 
'  oxide,  23 

perchloride,  23 
,,       protochloride,  11 
,,       protonitrate,  12 
,,       red  oxide,  23 

subchloride,  11 

sulphide,  23 
,,       test  for,  206 
Metals  detected  by  blowpipe,  1 59 
,,        ,,        borax  beads,  177 
,,         „         coloured  flames, 
181 

Metaphosphoric  acid,  83 
Methylamine,  118 
Methylated  finish,  195 

,,        spirit,  134 
Methylic  alcohol  identified,  134 
Microcosmic  salt,  84 

bead,  186 

,,         ,,     for  testing,  202 
Milkiness  with  water,  13,  19,  21,  31 
Milk-sugar  identiBed,  126 
Millon's  test,  132 
Mine  tin  ore,  100 
Minium,  13 

Molybdate  of  ammonia  for  testing,  202 

„  „        test,  83 

Morphine,  acetate,  118 

detected,  117 

hydrochlorate,  118 

identified,  118 

meconate,  118 
,,        muriate,  118 
Mortar,  93 
Mosaic  gold,  29 
Murexide  test  for  uiic  acid,  1 06 


"VTAPHTH ALINE  identified,  130 
Xl  Narcotine  detected,  117 

„       identified,  120 
Needle-like  crystals,  12 
Nickel,  39 

blowpipe  test,  177 


Nickel  confirmed,  39 

),  „     by  blowpipe,  180 

,,     detected,  33 
,,     ores,  180 
,,      oxide,  39 
,,     speiss,  180 
,,      sulphate,  39 
,,     test  for,  205,  196 
Nicotine  identified,  135 
Nitrate,  mercurous,  12 
Nitrate  of  baryta,  for  testing,  202 
,,        bismuth,  22 

cobalt  for  testing,  203 
,,        lead,  14 
, ,        potash  for  testing,  203 
,,        of  silver,  11 
,,  ,,         for  testing,  203 

Nitrates,  action  of  heat  on,  190 
,,      blowpipe  test,  187 
,,      on  charcoal,  191 
Nitre,  60 

blowpipe  test,  187 
,,    cubic,  67 
Nitric  acid  confirmed,  81 
,,       detected,  70 
, ,       for  testing,  203 
,,       identified,  i82 
Nitrites  detected,  82 
Nitrobenzole,  138 
Nitroprusside  of  sodium,  203 

„  „  for  testing, 

203 

Nitrous  acid,  commercial,  82 

,,  detected,  82 

Non-metals  detected,  70 


OCCLUSION  of  oxygen  by  sUver,  175 
Octahedra  of  arsenious  acid,  24 
Odours  of  organic  acids,  107 
Oil  of  bitter  almonds,  138 
,,    vitriol,  79 
,,       ,,     identified,  79 
Oleic  acid,  146 
Oleine,  146 
Orange  chrome,  13 
Organic  acid  detected  in  alkaline  so- 
lution, 106 
,,    detected  in  aqueous  so- 
lution, 105 
,,  detected   in  insoluble 

substance,  106 
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Organic  acids  detected,  104 

,,       ,,        „      by  odour,  107 

„    salts  of,  analysed,  104 
,,     bases  identified,  117 
„     liquids  miscible  with  potash, 
136 

,,  „         „       water,  134 

,,  „    not  miscible  with  hy- 

drochloric acid,  potash,  or 
water,  137 
matter  detected,  104,  151 
,,     solids  tested,  121 
,,     substance  defined,  74,  121 
„     substances,  acid,  150 
,,  ,,  bitter,  150 

,,  dissolved  by  al- 

cohol, 128 
,,         dissolved  by  boil- 
ing water,  127 
,,  ,,         dissolved  by  cold 

water,  124 
,,  „        dissolved  by  ether, 

130 

„         evolving  ammo- 
nia, 148 

,,  „         for  M.B.  exami- 

nation, 153 
,,  „         fusible,  148 

,,  ,,         identified,  104 

,,  ,,  insoluble,  131 

,,  ,,  ,,        in  boil- 

ing water,  150 
,,  ,,         insoluble  in  cold 

water,  149 
,,  „  liquid,  133,  150 

,,  ,,  nitrogenized,  148 

,,  ,,         soluble  in  potash, 

155 

,,  „         sweet,  156 

,,  unknown,  exami- 

nation, 148 
,,  „         volatile,  148 

Original  solution,  16 
Orpiment,  28 
Orthophosphoric  acid,  83 
Oxalate  of  ammonia  for  testing,  204 

„       lime,  45 
Oxalic  acid  confirmed,  87 
,,       detected,  70 
,,       identified,  87 
Oxidizing  flame,  160 
Oxygen  evolved,  61 


PALMITIC  acid  identified,  129 
Palmitine  identified,  130 
Parafline  identified,  131 
Peacock  ore,  172 
Pearlash,  61 
Pearl  white,  22 

Perchloride  of  iron  for  testing,  204 

,,         mercury  for  testing,  204 
Perforated  corks,  143 
Permanganate  of  potash,  43 
Peruvian  saltpetre,  67 
Pestle  and  mortar,  93 
Pewter,  173 

Phenic  acid  identified,  122 
Phenole  identified,  122 
Phosphate  of  lime  detected,  33,  84 
,,        magnesia,  45 

magnesia  and  ammonia, 
85 

Phosphate  of  soda  and  ammonia,  84 

„  ,,       for  testing,  204 

Phosphates,  84 

„  blowpipe  test,  192 

Phosphorescence,  45 
Phosphoric  acid,  blowpipe  test,  194 
„  ,,     confirmed,  83 

,,     detected,  71 
'identified,  83 
„  ,,     test  for,  85,  202 

,,     tri  basic,  83 
Phosphorus,  amorphous,  identified,  84 
,,  salt,  84 

vitreous,  identified,  83 
Picric  acid  identified,  121 
Pig  iron  identified,  35 
Pine  apple  odour,  136 
Pink  salt,  30 

solution,  38 
,,    sulphate  of  manganese,  43 
Pipe-clay,  101 
Plaster  of  Paris,  53 
Platina,  muriate,  196 
Platinic  chloride,  196 
Platinum,  92 

,,       bichloride,  196 

capsule,  96 
,,       chloride,  196 
,,       corroded,  101 
,,       foil,  92 
,,         ,,  for  fusing,  95 
,,       test  for,  198,  206 
wire  cleaned,  164 
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Platinum  wire  for  borax  beads,  163 

,,          ,,      coloured  flames,  57 
Plumbago,  97 
Plumbic  acetate,  195 
Porcelain,  102 
Potash  acetate,  109 
alum,  40 
autimoniate,  32 
bicarbonate,  62 
bichromate,  47 
binoxalate,  64 
bisulphate,  62 
J,  „         blowjiipe  test,  185 

,,     bitartrate,  63,  113 

,,        blowpipe  test,  182 
carbonate,  61 
caustic,  62 
chlorate,  61 
ch  rem  ate,  46 

common  compounds  of,  60 
,,      for  testing,  204 
,,      hydrate,  62 
hydriodate,  64 
manganate,  44 
nitrate,  60 
oleate,  64 
„      oxalate,  64 

permanganate,  43 
prussiate,  63 
,,      red  prussiate,  199 
„      silicate,  64 

solution  of,  62 
,,     sulphate,  62 
Potashes,  American,  61 
Potassafusa,  62 
Potassic  cyanide,  63, 198 

dichromate,  47,  196 
ferridcyanide,  63,  199 
„     ferrocyanide,  63, 199 
„     hydrate,  62,  204 
„     iodide,  64,  201 
,,     nitrate,  60,  203 
Potassium,  60 

blowpipe  test,  181 
„        carbonate,  61 
J,        chloride,  62 
,         common  compounds  of, 
60 

cyanide,  63 
detected,  56 
ferridcyanide,  63 


Potassium,  ferrocyanide,  63 

,,  „  blowpipe-test, 

182 

,,       iodide,  64 

„       nitrate,  60 

,,       sulphate,  62 

,,       sulphide,  77 

sulphocyanide,  78 
Powdering  substances,  93 
Precipitate  defined,  2 

,,       washed,  16 

,,       white,  24 
Precipitation  promoted  by  stiiTing,  7, 
57 

Prepared  chalk,  53 
Preston  salts,  59 

Protochloride  of  tin  for  testing,  205 
Protosulphate  of  iron,  206 
Prussian  blue,  34,  37,  86 

,,  „  test,  77 
Prussiate  of  potash,  63 
Prussic  acid,  77 

detected,  77 
,,        identified,  78 
Pulverization,  93 
Pumice-stone,  101 
Purple  crystals,  47 
solution,  44 
,,     vapours,  14 
Putty -powder,  100 
Pyrites,  37 

,,     copper,  172 
,,      iron,  37 
Pyrogallic  acid  identified,  126 
Pyrogalline,  126 
Pyroligneous  acid,  108 

,,        ether,  134 
Pyrolusite,  43 
Pyroxylic  spirit,  134 


QUARTZ,  101 
Quick-lime,  62 
Quicksilver,  11 
Quinine  and  iron,  citrate,  114 
detected,  117 
identified,  119 
,,     sulphate,  119 
Quinoline,  117 
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EAIN-WATER,  20S 
Eat' s-tail  file,  143 
Keagents,  195 
Realgar,  28 
Receiver,  142 

Red  chlorosulpliide  of  lead,  15 
chromate  of  potash,  47 

,,  drops,  189 

,,   flame,  51,  181 

,,   liBematite,  36 

iodide  of  mercury,  24 

,,   lead,  13 

litmus  paper,  202 

,,   mordant,  40 

,,   orpiment,  28 

,,   oxide  of  copper,  21 
,,     lead,  13 

,,       ,,      mercury,  23 

,,  precipitate,  23 

,,   prussiate  of  potash,  63 

,,   solution;  109 

,,   sulphide  of  antimony,  31 

„         „        mercury,  23 
Reducing  flame,  160 
Reduction  of  metals  on  charcoal,  160 
Reinsch's  test  for  arsenic,  24 
Retort,  140 

„     stand,  72 
Ring  gas-burner,  141 
Roasting  before  blowpipe,  172 
Eochelle  salt,  113 
Rod,  breaking  and  rounding^  7 
Roll  brimstone,  96 
Rose  gas-burner,  141 
Rosin  identified,  129 
Rouge,  jeweller's,  36 
Rust,  36 


SAL-AMMONIAC,  58 
SalicLne  detected  in  quinine,  119 
,,      identified,  126 
Saliretine,  126 
Sal  prunella,  61 
Salt,  67 
„   cake,  67 
,,    common,  67 
of  lemons,  64 
of  sorrel,  64 
of  tartar,  61 
Saltpetre,  61 

flour,  61 


Saltpetre,  Peruvian,  67 
Sand,  101 

Scheele's  green,  28,  20 
Selenite,  53 
Shrapnel  bullets,  173 
Sifting,  94 
Silica,  101 

,,     amorphous,  101 
,,     detected,  89 

,,      by  blowpipe,  192 
,,     soluble,  101 
Silicic  acid,  101 

,,        detected,  71,  89 
, ,  ) )     '^y  blowpipe,  1 92 

separation    from  solu- 
tions, 103 
Silicates,  common  simple,  101 
,,      detected,  71 
,,      on  charcoal,  162 
,,       soluble,  90 
Silicium,  100 
Silicofluoric  acid,  199 
SiUcon,  100 

,,      fluoride,  75 
,,      oxide,  101 
Silver  acetate,  108 

,,    blowpipe-test,  170,  174 
,,    chloride,  11,  80,  98 
,,  in  blowpipe  ana- 

lysis, 175 
,,     common  compounds  of,  11 
,,     cyanide,  80 
,,     detected,  10 
,,     extracted  from  lead,  174 
,,     ferridcyanide,  86 
,,     ferrocyanide,  86 
,,     identified,  11 
,,     nitrate,  11 
,,     oxalate,  87 

,,     precipitates  distinguished,  80 

„     test  for,  201 

,,     tested  for  copper,  175 
Singed  hair,  odour  of,  107 
Slag,  iron,  38,  101 
Slaked  lime,  52 
Slate,  101 
Smalt,  38 
Smelling  salts,  59 
Soap,  69 

,,   soda,  69 

„   soft,  64 
Soapstone,  102 
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Soda,  acetate,  109 
,,    alutiiinate,  41 
,,    arseuiate,  28 
,,    ash,  67 
,,    biboiate,  68 

blowpipe-test,  194 
bicarbonate,  66 
carbouate,  66 

dried,  197 
for   blowpipe  ana- 
lysis, 162 

caustic,  67 
,,    chloride,  68 
„    crystals,  66 

hydrate,  67 
,,    hyposulpbite,  68 

blowpipe  test,  183 

„    nitrate,  67 

,,      blowpipe  test,  183 
ortliophosphate,  68 
phosphate,  68 
,,    silicate,  69 

stannate,  29 
,,  sulphate,  67 
,,    sulphite,  68 

tungstate,  69 
,,    urate,  116 
waste,  77 
Sodic  carboBate,  66,  197  : 
Sodium,  blowpipe  test,  181 
,,      carbonate,  66 
,,      chloride,  67 
,,      common  compounds  of,  66 
,,      detected,  56 
,,      flame  deceptive,  182 
,,     hyposulphite,  68 
,,      impurity,  182 
,,     nitrate,  67 
,,      phospbate,  68 
,,      sulphate,  67 
„     sulphite,  68 
Soft  soap,  64 

Solder,  173  . 
Solid  unknown  substances  examined, 
151 

Soluble  glass,  64 
Solution,  4 
Soot  identified,  98 
Spathic  iron  ore,  37 
Spatula,  93 
Specular  iron  ore,  36 
Speiss,  180 


Spelter,  41 

Spermaceti  identified,  130 
Spirit-black,  98 
Spirit-blowpipe,  145 
Spirit-lamp,  4,  56 
Spirit  of  wine,  134 
Spirting,  prevention  of,  72 
Spongy  flakes  of  sulphur,  21 
Stanuate  of  soda,  29 
Stannic  acid,  29,  100 
,,     chloride,  30 
,,     compounds,  29 
Stannous  chloride,  30,  205 

,,      compounds,  19 
Starch  for  testing,  206 

,,     identified,  127 

,,     sugar,  127 

,,     test  for,  201 
Steam-bath  for  evaporation,  146 
Stearic  acid  identified,  129 
Stearine  identified,  128 
Steatite,  102 
Steel  identified,  35 
Stirring,  7 
,,     rod,  7 

,,     to  promote  precipitation, 
7,  57 

Stoppers,  India-rubber,  144 
Stourbridge  clay,  101 
Stream  tin  ore,  100 
Strong  sulphuric  acid,  207 
Strontia,  carbonate,  51 
,,       detected,  48 

nitrate,  51 
,,       sulphate,  99 
Strontianite,  50 
Strontium,  50 

,,       blowpipe  test,  181 
„       confirmed,  50 
„       detected,  48 
Strychnine  detected,  117 

identified,  119 
Sublimate  corrosive,  23 
Sublimation,  110 
Succinic  acid  detected,  105 

,,      ,,    identified.  111 
Sugar,  124 

,,     copper  test  for,  124 

identified,  124 
„     of  lead,  13 
Sulphate  of  copper,  20 

,,     for  testing,  206 
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Sulphate  of  iron  for  testing,  206 
,,         lead,  14 
,,         lime  for  testing,  206 
,,  magnesia,  9 

,,       for  testing, 
206 

manganese  for  testing, 
206 

,,         zinc,  42 
Sulphates,  action  of  heat  on,  189 

„       blowpipe  test,  192 

„       detected,  71 

,,       impurities,  79 

„       insoluble,  99 
Sulphydrate  of  ammonium,  200 
Sulphide  of  ammonium,  59 

,,         for  testing, 
200 

,,        ammonium  precipitate, 
33 

,,         antimony,  31 
,,        arsenic,  28 
,,        copper,  21 
„        iron,  37,  200 
„        lead,  14 
„        tin,  19 
,,         zinc,  42 
Sulphides,  action  of  heat  on,  190 
common,  77 
„       detected,  70 

,,       by  blowpipe,  193 
,,       on  charcoal,  191 
Sulphites  detected,  70 
Sulphocyanides  detected,  78 
,,         test  for,  204 
Sulphur,  96 

,,       blowpipe  test,  193 

,,       crude,  96 

„       detected,  70 

),  ).       by  blowpipe,  193 

„       distilled,  96 

„       evolved,  189 

,,       expelled  by  roasting,  172 

,,       flowers  of,  96 

,,       identified,  91 

„       insoluble,  96 

„       milk  of,  97 

,,       precipitated,  97 

„       precipitation  of,  8 

roll,  96 
,,       Sicilian,  96 
„       soluble,  96 


Sulphur,  sublimed,  96 

,,      viscous,  97 
Sulphurets,  common,  77 
Sulphuretted   hydrogen  apparatus, 
201 

,,  „       identified,  77 

,,  ,,       precipitate,  15 

,,  „       prepared,  200 

,,  ,,       test  for,  195 

.Sulphuric  acid,  blowpipe  test,  192 
,,         detected,  71 

for  testing,  207 
„         identified,  79 
,,         Nordhausen,  79 
„         test  for,  203 
Sulphurous  acid  confirmed,  79 
,,         detected,  70 
evolved,  191 
Superphosphate  of  lime,  45 
Sweet  substances,  156 
Sweet  taste,  13 
Sylvic  acid,  129 
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Tiinnic  acid  detected,  105 


identified,  110 
test  for,  204 
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Tannin,  110 
Tartar,  cream  of,  63 
„     emetic,  31 

„        „       blowpipe  test,  171 
„     salt  of,  61 
Tartaric  acid  detected,  105 
,,        for  testing,  207 
,,        identified,  112 
Tartrates,  action  of  heat  on,  190 

,,        common,  112 
Test  papers,  202,  207 
„     „      use  of,  17 
„  tube,  4 
„    „     rack,  4 
Tests,  195 

,,     addition  of,  6 
Theine  detected,  118 
,,     identified,  118 
Thermometer,  140 
Tin,  18 
„    alloys  of,  173 
„    before  blowpipe,  176 
,,    bichloride,  30 

,,  ,,       with  hydrochlorate  of 

ammonia,  30 
Tin,  binoxide,  29,  100 
,,    bisulphide,  29 
,,    blowpipe  test,  175 
,,    common  compounds  of,  19 
,,    confirmed,  18,  28 
„    crystals,  19 
,,    detected,  15 
,,        ,,      by  blowpipe,  175 
„    foil,  206 
„    granulated,  205 
,,    identified,  18 
,,    in  insoluble  substances,  100 
,,    nitromuriate,  30 
,,    ore,  100 
,,    persalts  of,  29 
,,    plate,  176 
,,    protochloride,  19 
„    protosalts  of,  1 9 
,,    protosulphide,  19 
„    pyrites,  19 

,,    reduction  on  charcoal,  160 
.„    salts  of,  19 

,,    stone,  100 

„    test  for,  204 
Tincture  of  iron,  87 
Toluidine,  136 
Tongs,  92 


Triangle,  92 

Triple  phosphate,  45,  85 
Tube,  blowpipe  test  in,  189 

„     funnel,  142 

,,     Gennan,  16 
Tubes,  bent,  144 

„      sealed,  16 
Tubulated  retort,  140 
Tubulus,  140 

Tungstate  of  soda,  blowpipe  test,  183 
Tungstic  acid  detected,  69 
Turmeric,  207 

,,       paper,  207 
TurnbuU's  blue,  34 
Type-metal,  173 


UNIVERSITY  of  London  examina- 
tion, 153 
Unknown  liquid  examined,  152 

,,      solid  examined,  151 
Urates,  common,  116 
Urea  identified,  125 
nitrate,  128 
,,   oxalate,  128 
Uric  acid  confirmed,  115 
,,     detected,  106 
identified,  115 


VALERIANIC  acid,  136 
Verdigris,  20 
Vermilion,  23 

antimony,  31 
Vinegar,  108 
Violet  flame,  60,  181 
Vitriol,  blue,  20 
,,     green,  36 
,,     identified,  79 
,,    white,  42 

WASHING-BOTTLE,  16 
Washing  precipitates,  16 
Washing-soda,  66 
Water-bath,  146 
Water  for  testing,  207 
,,    glass,  64 
,,    purification,  208 
,,    tested  for  impurities,  208 
Wax  identified,  131 
White  lead,  13 
„     precipitate,  24 
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White  vitriol,  42 
Wire  triangle,  92 
Witherite,  49 
Wood-charcoal,  97 
Wood-naphtha,  134 
Wood-spirit,  134 


'EL LOW  chromate  of  baryta,  50 
,,  potash,  46 

chrome,  13 
flame,  181 
fused  mass,  98 
iodide  of  lead,  14 

,,        mercury,  24 
orpiment,  28 
oxide  of  lead,  1 2 
oxychloride  of  lead,  14 
prussiate  of  potash,  63 


ZEOLITES,  90 
Zeolitic  minerals,  90 
Zinc  before  blowpipe,  176 
,,    blowpipe  test,  159 
,,    carbonate,  42 
,,    chloride,  42 
, ,    common  compounds  of,  4 1 
,,    confirmed,  41 
,,    detected,  33 
,,    glance,  102 
,,    granulated,  25,  208 
identified,  41 
lactate,  146 
oxide,  42 
silicate,  102 
sulphite,  42 
sulphate,  42 
test  for,  201 
white,  42 
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